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THE FUNCTION OF UNIVERSITIES 


N an article on “Science and the Nation” in the 

October issue of Foreign Affairs, which reflects 
something of the outlook of his recent presidential 
report to the Carnegie Institution of Washington, 
Dr. Caryl Haskins points out that science is now an 
important element in general culture. Those training 
professionally for science and. technology must 
accordingly become familiar with the context of the 
political world if they are to be capable of meeting 
the responsibilities that are likely to fall upon them. 
The rate and success of technical progress, Dr. 
Haskins emphasizes, is a function of a country’s 
organizing capacity and application, and of the 
suitability of the chosen modes for development and 
of its tradition ; but it is also a function of the 
common heritage of the whole body of learning. 

Dr. Haskins was addressing an American public, 
with the situation and needs of the United States 
primarily in his mind; but much that he said is 
just as applicable to Great Britain. It is, for example, 
no less true in Great Britain than in the United 
States that the modes by which knowledge and 
insights of the natural world are obtained and most 
effectively assimilated, and especially the creation of 
new knowledge, are highly human factors, conditioned 
by the basic assumptions of each society ; and in 
both countries it is necessary to be on guard against 
blindly seeking to adopt modes which succeed else- 
where without forethought or regard to those con- 
ditions and assumptions. To-day none of the larger 
problems will be amenable to clear and final solutions. 
Rather, they will present prolonged tests of per- 
sistent and concentrated purpose. Except in war, 
processes of social change and growth in dynamic 
' systems are continuous and involve every part and 
aspect of the whole of society. 

Like many others, Dr. Haskins points to the 
necessary condition for creativeness in a free society, 
namely, wide and unimpeded horizons and the total 
freedom of the individual ; but he goes on to bring 
out the corollary, in such a society as he is depicting, 
of the increased social importance of intellectual 
attainment and of the urgent need to foster and 
expand the means to seek and cultivate intellectual 
powers. That is indeed the key-note of his article. 
What he writes further about the dual nature of 
science itself and the significance of the effective 
partnership of profound philosophy and practical 
experiment represented by modern science, on the 
proper use and cultivation of scientific man-power, 
and on the need for deeper study of the problems of 
management and communication, is both sound and 
important but really secondary to the main theme. 

It is against this background that the pregnant 
chapter on educational problems in the recent report 
entitled “University Development”’* from the Uni- 
versity Grants Committee is most appropriately 
considered. ‘In our view,” writes the University 
xrants Committee, “the first duty of the university 


* University Grants Committee. University Development 1952- 
1957. Pp. 92+8 plates. (Cmnd. 534.) (London: H.M. Stationery 
Office, 1958.) 5s. 6d. net. See also Nature, November 1, p. 1199. 


to the student is to teach him how to think.’’ The 
note is in harmony with that struck by Dr. Haskins, 
and both are sounded in a world where, despite its 
growing dependence on intellectual effort, there 
appears to be both a disturbing amount of illiteracy 
and a growing distrust of, or even opposition to, the 
intellectual. 

That context gives an urgency to the whole problem 
which sharpens the wise words of the University 
Grants Committee. We in Britain have neither time 
nor man-power to spare, and we must do the best 
we can for the great bulk of our students within the 
limits of the three-year undergraduate course. More- 
over, as the Committee points out trenchantly, if the 
university fails to teach the student to think, he is 
not very likely to learn to do so afterwards, and his 
capacity for development will be limited. 

The great value of this chapter is that, as is done 
in so many earlier reports from the University Grants 
Committee, the problem is set in its true perspective, 
and the relative importance of the various factors 
appears. We see why the student needs not only 
competence in one field of knowledge but also access 
to related fields and a general appreciation of the 
art of learning. The contribution which different 
sources can make appears, as does the significance of 
the change in the social and economic background of 
students. Moreover, in a passage closely parallel 
with what Dr. Haskins has written, the Committee 
analyses the qualities of mind which distinguish a 
person of education and indicates precisely why a 
student needs to be shown that intellectual pursuits 
are enjoyable for their own sake, and to be given 
the sense of being in touch with creative work in 
which, if he does well, he may later be privileged to 
participate. Nor are we allowed to overlook the way 
in which the teacher can do this. 

Here we are carried back to a preceding chapter 
of the report, for if the vital part is that played by 
the teacher, it is essential to attract teachers of the 
highest quality. Not only, however, are university 
lecturers rarely trained teachers; what is more 
serious is that teaching is frequently regarded as an 
irritating interruption of the research which they 
consider to be their primary function, though it must 
be remembered that there are still those, like Dr. 
A. L. Goodhart in his Haldane Memorial Lecture of 
1952, who maintain strenuously that a university is 
primarily a teaching institution. The University 
Grants Committee reiterates its conviction that the 
two functions of research and teaching are too inter- 
mingled for discussion of their relative importance 
to be fruitful ; nevertheless, teaching is unlikely to 
acquire the prestige and status the Committee 
regards as proper until universities cease to appoint, 
and promote, almost exclusively upon the evidence of 
papers published in the journals of learned societies. 

More than this may well be required to make even 
university teaching attractive to as many of the 
ablest minds of each succession of graduates, but 
this is an essential condition of solving one limited 
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aspect of the major problem of communication. A 
keener interest in teaching itself, however, is likewise 
a prerequisite of the concerted action on the part of 
schools, colleges and universities which the University 
Grants Committee urges in order to overcome the 
difficult problems of entrance requirements where 
they impinge on the question of general education. 
Moreover, if the amount of information which the 
student is required to absorb during his first-year 
course is to be reduced and the time saved used in 
preparing him for life in more important ways, 
teachers, rather than administrators, have a part to 
play, constructive and not merely negative. Merely 
from this point of view, the proposal under discussion 
at Cambridge for teaching the principles of science 
to men coming mostly ‘from the humanities is 
welcome evidence of the stirring of minds among 
university teachers. Success will depend on vision as 
well as on constructive thought, and on the cumula- 
tive effect of a number of comparatively small 
changes, all inspired by a definite purpose and 
by a clear conception of what the university should 
try to do with the students entrusted to its care. 
Some, but by no means all, of these opportunities 
are noted by the University Grants Committee. 
There is the matter of technicians :.1d of other 
assistants, the scarcity of whom is responsible for 
much waste of highly trained scientific man-power 
in academic research. Some improvement in this 


respect could have other advantages as well as the 


reduction of this kind of waste: it might well make 
teaching duties less repugnant to the younger staff 
in particular, because they would be able to make 
more effective use of the time at their disposal for 
research, and teaching would not be regarded as so 
serious a distraction from original work. Moreover, 
administrative duties could sometimes be consider- 
ably reduced by a reasonable provision of typing 
facilities. Indeed, the more evident it becomes that, 
whether we regard the university from the point of 
view of staff or student, we are dealing with a strictly 
limited national resource which is both indispensable 
and irreplaceable, the greater the care that should be 
taken to see that highly trained man-power is not 
wasted on duties that do not require its exercise, and 
that university places and privileges are not offered 
to those unlikely to benefit by them. 

More positively, however, if teaching is to regain the 
prestige it enjoyed when Jowett’s view was fashion- 
able—that education is the first and final function of 
@ tutor and that the pupil and not research must 
come first—something more than negatives is 
required. Fortunately, the very field of communica- 
tion itself is opening up new possibilities, and while 
we are required to think out anew the content of 
many courses in the light of the immense expansion 
of knowledge and the contracting amount of time 
available, new techniques are available to assist in 
resulving some of our problems. The task of com- 
munication, even of inter-communieation, has its 
own attractions, and in solving some of its complex 
problems, we may well find help in solving the 
parallel problem of general education. 


NATURE 


December 13, 1958 


One of the auxiliary factors to which the University 
Grants Committee gives more than a passing glance 
is the university library ; and here it may be said 
that this factor is as essential in science and tech- 
nology as in the humanities or the social sciences. 
The standard of library provision profoundly affects 
the effectiveness of teaching generally, and although 
it does determine the practicability of research in 
science, as it may well do in the humanities or in the 
social sciences, it may have repercussions on the 
extent of scientific research. Inadequate provision 
of scientific periodicals or major and highly expensive 
reference books can cause serious delay, and may 
even lead to waste or duplication of effort. 

Apart, however, from its bearing on the waste of 
skilled man-power and on the attractiveness and 
efficiency of teaching in some fields, the quality of 
library provision can bear on yet another factor. 
Ten years ago, urging the need for more thinking 
about the importance of existing knowledge, Sir 
Walter Moberly suggested that we need more books 
which throw new light on the significance and inter- 
relations of old facts, and that the universities should 
encourage and honour not only discoverers of facts 
hitherto unknown but also explorers of ideas and 
re-thinkers of values. An adequate library is an 
essential adjunct in the kind of creative thought and 
writing which Sir Walter had in mind, and this is 
not the least important of the reasons why library 
expansion needs to proceed pari passu with university 
expansion, and probably rather faster than it has been 
doing generally over the past decade. It is also an 
added reason for welcoming the study of function 
and design in this field which the Nuffield Foundation 
is fostering. 

Nor is this unrelated to the prime purpose of a 
university and to the establishment of teaching in 
its proper status in both external and internal regard. 
When the universities are recognized as effectively 
fulfilling this function of supplying the large numbers 
of well-educated men and women needed, whatever 
their special field of work, the university teacher would 
be assured of a position in the public esteem which 
will attract to that calling a sufficient supply of our 
ablest young men and women. Public opinion alone 
can dispose of any tendency to discredit the occupa- 
tion of university teacher, but the university teacher 
himself can do something to encourage public under- 
standing. 

It may be given to only a few to produce books of 
the calibre suggested by Sir Walter Moberly ; but 
the contribution of such books to public under- 
standing of the work of the universities is not 
negligible. Many more, however, may find an 
opportunity of participating in the regional work of 
the university and in adult education, and through 
both of these a direct impact is made on the public. 
In this way a decisive contribution could well be 
made to the formation of a better-educated com- 
munity, on the very existence of which the free world 
to-day depends. There are, of course, strict limits to 
what is possible in such fields. First things must come 
first, and neither the university nor the individual 
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teacher should be deflected from work of university 
standard. It is only with a very clear idea of what 
is the place of the university in the modern world, 
and what it should seek to bring to its students, that 
either the university as an organized body or the 
individual teacher should accept extra-mural duties 
or responsibilities. 

Nevertheless, without accepting some such duties 
or responsibilities and keeping them in balance with 
other and primary responsibilities, the universities 
can scarcely hope to fulfil their function in the world 
to-day. They need such external co-operation in 
shaping their own methods to the needs of to-day. 
Increasingly they depend on public understanding 
for the financial support required to make their 
teaching adequate and their research effective. As 
was resolved at the regional European seminar on 
the “Universities and Adult Education” at Bangor 
in September 1956*, arranged by the United Kingdom 
National Commission for the United Nations Educa- 
tional, Scientific and Cultural Organization, in the 
rapidly changing world of to-day adult education in 
all its many forms is more than ever necessary to 
help men and women in making the many adjust- 
ments which rapid change requires ; it is essential to 
the development of their individual powers of under- 
standing, judgment and enjoyment, and for providing 
society with well-informed and thoughtful leaders for 
all sectors of industrial, social and civic organization. 

The universities in Great Britain, or in any other 
country, cannot be indifferent to enterprises of such 
profound social importance. How that assistance is 
best given will vary widely from country to country, 
even from university to university, and its extent 
can only be decided in relation to a university’s 
resources and other responsibilities. That urgent and 
intensive thought should be given to the nature, the 
magnitude and the technique of the universities’ 
contribution in this field even in this time of expan- 
sion and stress is undeniable; nor should it be 
forgotten that the response of the universities to this 
call may not only have valuable effects in promoting 
public understanding and support of their primary 
work but also may in turn lead to fresh light being 
thrown on some of their own difficult problems in 
general education and courses and the like. Education 
must be regarded as a whole. However admirably 
the universities may fulfil their function of providing 
society with trained, informed and inquiring minds, 
capable of clear thinking and balanced judgment, 
those minds will only be able to work effectively in 
the framework of a society that has some under- 
standing and appreciation of the nature of their 
capabilities, and is prepared to allocate the resources 
essential for the universities to continue their work. 


Adult education and regional work from one point of — 


view are part of the work of promoting effective 
public relations, which the growing dependence of 
the universities on public support makes more and 
more necessary. 


* Ministry of Education. ae ort on the Regional] Euro; Seminar 
on the Universities and Adult Education, Bangor, North Wales, 
September Ist-14th, 1956. by the United Kingdom 


nged 
National Commission for toes xii+155. (Lond -M. 
Stationery Office, 1957.) 5s. net. Aregyicnge , yen 
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THE HISTORY OF A 
DECIPHERMENT 


The Decipherment of Linear B 

By John Chadwick. Pp. xii+147+2 plates. (Cam- 
bridge: At the University Press, 1958.) 18s. 6d. 
net. 


OT the least interesting side of Michael Ventris’s 

genius was his willingness to think aloud, and 
to make mistakes in public. In the two years of 
intensive work which ended in June 1952 with the 
decipherment of the so-called Linear B tablets, he 
prepared and circulated twenty ‘work notes’, totalling 
176 foolscap pages. ‘All the rough working,” 
Chadwick points out, ‘‘all the mistakes are exposed to 
view.” In 1940, Ventris, then eighteen years old, 
had published an article suggesting that Etruscan 
was the language most likely to provide the clues to 
the decipherment of Linear B; and this idea held 
him in thrall until the last moment, when, almost 
against his will, the work itself drove him to the 
correct, and decisive, conclusion that the language of 
the tablets was Greek. 

We thus have an interesting case study in the 
triumph of sound method over prejudice and presup- 
positions. For a generation or more attempts to 
decipher Linear B had made no progress whatsoever 
simply because no one thought to apply the well- 
established principles of cryptography. Instead, 
reputable scholars and cranks alike did nothing more 
sensible than make guesses, a number of which were 
published, even by the most eminent of university 
presses, despite the fact that any intelligent reader 
could have exposed the ‘results’ with ease. Why this 
situation should have prevailed so long and without 
significant exceptions, until two Americans, Alice 
Kober and E. L. Bennett, finally began the obvious 
work of cryptographic analysis, is a mystery, though 
perhaps no more so than many similar blind spots in 
the history of science. Ventris built on their work 
and brought it to a rapid and successful conclusion. 
Because he clung for so long to his Etruscan theory, 
and because he did his thinking out loud, the work 
notes and related documents provide the raw material 
for a valuable contribution to the history of scientific 
discovery ; to its psychology, I might say. It is not 
often that not merely the operations but also the 
day-to-day thinking behind them, behind the false 
starts and mis-steps as well as the successes, are 
recorded so freely. 

In a way, therefore, it is a pity that Chadwick, who 
was Ventris’s close collaborator from June 1952, 
chose to write another kind of book. This little work 
is a reliable popular presentation of the Mycenzan 
tablets, their discovery, decipherment, and contents. 
(Readers of Nature will find an admirable summary 
by R. M. Cook in a review of another work on pp. 
152-53 of the issue of July 19, 1958.) Only Chapter 
4 offers a little of the material from the work notes 
and voluminous correspondence, enough to correct 
some of the misapprehensions about Ventris’s methods 
current even in some professional circles (specifically 
among the few scholars who still refuse to accept the 
validity of the decipherment), probably enough to 
satisfy most lay readers, but far from enough for the 
permanent record which ought to be made. It can 
be argued that the disproportionately long chapter 
entitled “The Decipherment and its Critics” is 
unnecessary. Neither Beattie in Edinburgh nor 
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Grumach in Berlin will be convinced by these twenty 
pages, and for the rest of us the test of the decipher- 
ment is in the further work based upon it, not in the 
endless repetition of the sterile quarrel which has 
been carried on for nearly five years in both learned 
journals and the Sunday newspapers. Much more 
would have been gained by devoting these twenty 


pages to further exploration of the actual work of 


decipherment. 

The final chapter, “Life in Mycenwan Society’’, 
though it has little of the air of polemic about it, is 
a deceptively valuable contribution to a still vigorous 
debate. Indiscipline and romantic guesswork did 
not come to a sudden end with Ventris’s decipher- 
ment: they merely moved from decipherment to 
interpretation. Enthusiasm far outran the evidence, 
which is severely limited by both the incompleteness 
of the decipherment (only six years old, after all) 
and the very restricted contents of the tablets. 
Inevitably, the layman’s knowledge comes from the 
popular presentations, and they have tended to 
exaggerate what we know, sometimes quite wildly. 
It is therefore useful to have the weight of Chadwick’s 
authority, in a popular work, placed in the scales on 
the side of caution and of frank recognition of how 
little we still know about Mycenean society. 

M. I. FINLEY 


WESSEX LONG AGO 


Wessex Before the Celts 

By Dr. J. F. 8. Stone. (Ancient Peoples and Places, 
Vol. 9.) Pp. 207 (72 plates). (London : Thames and 
Hudson, Ltd., 1958.) 25s. net. 


JOBODY who knew the late Dr. J. F. 8. Stone 
can read this book, ‘‘Wessex’’, without much 
sorrow at his sudden and untimely death. Indeed, 
the work has only been finally completed and passed 
for press thanks to the kindness of Prof. Stuart 
Piggott. 

The book covers a considerable area of ground and 
deals with a long period of time—the Mesolithic 
epoch until the arrival of the Celtic folk. There are 
148 pages of text, a reasonable bibliography and 
38 pages of illustrations. Nowadays in Great Britain 
there are a large number of amateurs interested in 
archaeology, and this book, like the others in the 
series, is designed for them. The space available is 
barely sufficient to give a general picture of the 
Wessex scene during the various periods and special- 
ists must not expect any detailed accounts. The 
Palzolithic period is omitted, and the work starts 
with a few words on the Mesolithic (forest) cultures 
as a background to a rather fuller account of the first 
Neolithic inhabitants. There follow a few pages 
devoted to the various barrows of these times, and the 
flint mines whence came the raw material for tool 
making. The later Neolithic invasions and the com- 
ing of the Beaker folk are next considered in greater 
detail, and these lead on naturally to an excellent 
account of Stonehenge, Avebury, etc. A couple 


of chapters on Bronze Age times carry the story on 
to the epilogue, “Celtic Wessex”. The book as a 
whole is a good example of its kind and can be recom- 
mended without reserve for those readers, non- 
specialist but interested generally in the past, for 
whom it was composed. 


M. C. Burkitt 
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THE INDIAN AGRICULTURAL 
SERVICE 


Agricultural Research in India 

Institutes and Organisations. By Dr. M. S. Rand. 
hawa. Pp. v+448+79 plates. (New Delhi: Indian 
Council of Agricultural Research, 1958.) Rs. 20; 
40s.; 6 dollars. 


HREE facts will suffice to make the importance 
of agricultural research to India abundantly 
clear: (1) that three-quarters of the population 
depend directly on agriculture for a living ; (2) that 
the need for national action to improve agriculture 
was first officially stated by committees set up in 
1880, 1888 and 1901 with the ominous name of 
Famine Commissions ; and (3) that each year now 
food has to be grown for 5,000,000 additional people, 
so that only to maintain present standards of nutrition 
demands a steady and continuous rise in production. 
This handsome volume, prepared by the Vice- 
President of the Indian Council of Agricultural 
Research, shows how much the Indian Government 
is spending and how it organizes research in its 
attempts to get the knowledge that will be needed 
before the fear of famine can be banished and the 
living standards of the bulk of the population in- 
creased. The book is less one for reading than for 
reference, with its main value to find out where 
different crops and problems are being studied, who 
is working on them, and what body is responsible for 
finance, administration and for co-ordinating work 
done in the different States. Nevertheless, the 
descriptions of the work at the various institutes are 
detailed enough to show that, despite the very many 
problems still waiting a solution, much has been 
found out that could improve yields by the better 
feeding of crops and livestock, by the control of pests 
and diseases, by irrigation and by the growing of 
higher-yielding varieties. The book deals only with 
research, and some information about the important 
and difficult problem of getting discoveries applied 
would have added to its value. 

It is necessary only to turn the pages to be im- 
pressed by the growth in agricultural research, from 
its beginnings in 1905 at the Imperial Agricultural 
Research Institute, Pusa, Bihar, which was destroyed 
by the earthquake of 1935, to the present nine central 
research institutes, several commodity research in- 
stitutes and the more than thirty research stations 
and farms in the different States. The photographs 
leave no doubt that many large and magnificent 
laboratories have been built, but provide little 
evidence on the standard of the physical equipment. 
However, staff is the most important equipment of 
any research establishment, and here also the numbers 
are impressive, at least at first sight. The Indian 
Agricultural Research Institute, the new Pusa based 
on Delhi, with about 350 graduates, is probably 
much the largest in the whole Commonwealth, and 
some of the others are also of considerable size. Even 
so, India is so vast and conditions so varied that 
many more could undoubtedly be justified, for as a 
proportion of the population engaged in agriculture 
the number is much below that in many other 
countries. But quantity of staff is less important 
than quality; although government may provide 
new buildings, physical equipment, organizing com- 
mittees and lakhs of rupees for salaries, only the 
research workers can produce results. It is no 
exaggeration to say that the prosperity of India 
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may depend on the outcome of the efforts of those 
whose names are listed at the end of this book, and 
all will surely join in wishing them every success in 
their vitally important work. F. C. BAwDEN 
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AERONOMY 


The Upper Atmosphere 

By Prof. H. 8S. W. Massey and Dr. R. L. F. Boyd. 
Pp. xii+333+28 plates. (London: Hutchinson and 
Co. (Publishers), Ltd., 1958.) 63s. net. 


HE science of the upper region of the terrestrial 

atmosphere, where dissociation and ionization 
are important, has many facets. Because of the 
various interrelations that exist, none of these can 
be treated properly in isolation. Yet few people have 
the time and ability to become experts in the whole 
of this rapidly expanding science (which has been 
given the name ‘aeronomy’, following a suggestion 
by Prof. Sydney Chapman). For some years past 
there has been a need for an up-to-date book giving 
a survey of the entire field in simple terms so that a 
specialist in any one branch can readily obtain at 
least a general understanding of the work being done 
in other branches ; for example, so that a radio man 
may learn something of the nightglow without 
bothering himself with the notation of molecular 
spectra, and so that a photochemist may learn some- 
thing of the theory of the diurnal variations in the 
geomagnetic field without mastering the mathe- 
matics involved. There has also been a need for an 
elementary text which can be recommended to post- 
graduate students. Prof. Massey and Dr. Boyd do 
much to meet these needs by their admirable new 
book, ‘“The Upper Atmosphere’, though, regrettably, 
they do not include any references to the original 
literature. 

The first two chapters are introductory in char- 
acter. One of them recalls the basic principles of the 
relevant physics in elementary sections on electricity 
and magnetism, on wave motion of various types 
and on atoms and molecules ; the other gives a short 
review of the main properties and phenomena of 
the upper atmosphere, anticipating the later, more 
detailed accounts. 

These are followed by three chapters on the 
principal types of probe used—sound, radio and 
material. The chapter on material probes is par- 
ticularly valuable in that it contains much information 
on balloons and rockets which has never been col- 
lected together before. Towards the end of the book 
there is a related chapter on artificial satellites, 
giving an interesting discussion of some of the 
important investigations which may be carried out 
with their aid. 

The remaining chapters cover the following: the 
chemisphere and the ionosphere; the night-glow and 
the aurora ; aerial tides and magnetic effects ; solar, 
magnetic and ionospheric disturbances; meteors ; 
cosmic rays. As would be expected, the exposition 
is lucid. 

In addition to the six plates in colour and the 
twenty-two plates in black and white, there are a 
large number of instructive line drawings, many of 
them specially prepared. An excellent index adds 
considerably to the usefulness of the book, which 
should be in the library of every serious research 
worker in any branch of aeronomy. 


D. R. Bates 
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DIOPHANTINE ANALYSIS 


An Introduction to Diophantine Approximation ' 
By Dr. J. W. 8. Cassels. (Cambridge Tracts in Mathe- 
matics and Mathematical Physics.) Pp. x+166. 
(Cambridge: At the University Press, 1957.) 22s. 6d. 
net. 


HE approximation to an irrational 0 by rationals 

pi/q depends on the distance between g@ and the 
nearest integer, a distance which Dr. J. W. 8. Cassels 
writes as ||q0||. This specifies the homogeneous pro- 
blem ; the inhomogeneous problem concerns ||q8 — «||, 
and each problem can be generalized to that of simul- 
taneous approximation to a finite number of 6’s. In 
Chapters 1 and 3 of this Cambridge Tract, the classical 
material is neatly and efficiently displayed. Chapter 2, 
a little more difficult, deals with the curious Markoff 
‘chain’, which disposes of one exceptional 6 after 
another, and the related results about quadratic forms ; 
this includes a new and hitherto unpublished ‘isolation’ 
theorem due to C. A. Rogers. In Chapter 4. on the 
distribution of the fractional part of g6 in the interval 
(0,1) or of the simultaneous fractional parts for a 
finite number of 6’s, the method of trigonometrical 
sums, due to Weyl and developed by Vinogradoff, is 
employed. The next chapter discusses a type of 
duality between problems concerning related (trans- 
posed) sets of linear forms, first examined by Mahler. 
Chapter 6 is particularly interesting, since it deals with 
Roth’s theorem, that if — is any algebraic number, that 
is, @ root of an equation : 


ayu® + ayu™1+...+an=0 


where the a’s are integers, then there are only a finite 
number of pairs of integers p,g such that : 


\& — piq| < 1g 


if k > 2. Since there are infinitely many solutions if 
k = 2, Roth’s result is an end to a story which began 
about fifty years ago with Thue’s remarkable theorem, 
that the equation : 


aa" + arly +..+ any" =c (n> 33 © integral) 


(where the form on the left is irreducible) cannot have 
an infinite number of integer solutions x,y. To obtain 
this, Thue used a weaker form of Roth’s theorem, 
with k = 4n + 1, a value improved by Siegel (1921) 
and Dyson (1947), until in 1955 Roth closed the gap 
completely with the best possible value of k ; notably 
it is independent of n. The International Congress of 
Mathematicians, meeting at Edinburgh in August this 
year, recognized the brilliance of Roth’s work by 
awarding him one of its two Fields Medals. 

If C > 0, the inequality ||¢4|| < C/q has infinitely 
many solutions for almost all 6, that is, save for 6’s 
forming a set of zero Lebesgue measure. This is the 
basis of Chapter 7, on metrical theory, developed in a 
series of papers by Dr. Cassels during 1950-51. The 
final, rather highly technical, chapter discusses the 
Pisot—Vijiyaraghavan numbers. 

Dr. Cassels has selected his material carefully and 
expounds it with crisp clarity. The volume is a genuine 
introduction, for the reader requires no special know- 
ledge of number theory ; even in the final two chapters, 
only a very rudimentary acquaintance with Lebesgue 
measure and with algebraic numbers is supposed. Yet 
the author manages to bring us into effective contact 
with several important lines of present-day research, 
and his book must rank high among the famous 
Cambridge Tracts. T. A. A. BrRoaADBENT 
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Conformal Transformations in Electrical Engin- 
eering 
By Dr. W. J. Gibbs. Pp. viii+219. 
Chapman and Hall, Ltd., 1958.) 45s. net. 
HIS book is one of the series of advanced engin- 
eering text-books written by members of the 
technical staff of the British Thomson-Houston 
Company. It develops the mathematics of the electro- 
magnetic field, the theory of complex numbers, con- 
jugate functions and conformal transformations. 
Numerous practical examples are worked out in 
numerical detail, including configurations with n 
right angles where n = 0,1,2, ... , and a chapter is 
devoted to each of the first three values of n. The 
theory of elliptic functions and integrals is presented 
in several chapters, and in the last chapter examples 
of problems needing this theory are worked out. 
One of these is that of a succession of equal slot 
openings opposite a solid face (the theory here uses 
an elliptic integral of the third kind). Clarity abounds 
in this book. The printing is clear, the numerous dia- 
grams are easy to understand and the exposition is 
not too concentrated nor diffuse. In fact, the classical 
subject-matter is treated in classical style. This even 
extends, unfortunately, to the references. Very few 
engineers will bother to consult the original papers 
(1867 and 1869) of Schwartz and of Christoffel, let 
alone read the German text. There is not a single 
reference to'a paper after 1928, and the reader who 
wants access to more recent work will have to spend 
quite a time wading through the volumes of Electrical 
Engineering Abstracts. 

Electrical engineers, especially those concerned 
with design, will be aware of the present-day tendency 
to the automatic use of an electronic computer for 
design, even in cases where a mathematical solution is 
possible. The superiority of the latter, especially for 
studies relating to the effect of parameter variation, is 
undisputed. Thus there is a real need to make avail- 
able, in easily accessible form, a statement of how 
far one can expect to go in providing a mathe- 
matical rather than a purely numerical solution. 
The present book does this admirably so far as 
conformal transformations are concerned. 

L. 8. Gopparp 


(London : 


The Interference Microscope in Biological Research 
By Dr. Arthur J. Hale. Pp. xi+114. (Edinburgh 
and London: E. and §. Livingstone, Ltd., 1958.) 
20s, net. 

HE interference microscope was developed to 

overcome certain deficiencies in the phase-contrast 
microscope. In my opinion it will never replace the 
latter for routine observational work, but its great 
advantage is that it can be used for measuring optical- 
path differences, From the biological point of view the 
fact that the optical-path difference is proportional 
to the dry mass pér unit area of tissue opens up new 
fields of research concerned with ‘weighing’ living cells 
and tissue sections. Dr. Hale gives a very useful 
general account of the theory and practice of inter- 
ference microscopy for the non-specialist reader. He 
begins with an account of light waves and their inter- 
ference and ends with an appendix on wave-motion 
and polarization of light. The rest of the book deals 
with the various types of interference microscope, 
interpretation of images, measurement of optical-path 
differences, cytochemical calculations and sources of 
error. A possible criticism is that too much space 


is devoted to systems of only theoretical interest. 
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Multiple-beam methods, for example, as Tolansky has 
stressed, are of very limited value in biology. The 
description of the Smith-Baker microscope, on the 
other hand, is rather incomplete, and the diagrams do 
not refer to the commercial instrument. No mention 
is made of the need to use a half-wave plate to inter- 
change the ordinary and extraordinary rays and the 
explanation of the action of the Sénarmont compen- 
sator may puzzle some biologists. There is a useful 
summary of methods for deriving various cytochemical 
quantities; but no detailed examples of biological 
applications are given. Possibly more stress could 
have been placed upon the fact that most measure- 
ments with the interference microscope only provide the 
dry mass per unit area and not the total dry mass of a 
heterogeneous cell. The measurement of the latter 
quantity may require elaborate apparatus and may be 
extremely tedious. Until this limitation is overcome, 
the full potentialities of interference microscopy will 
not be realized. R. Barer 
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Gas Chromatography 

A Symposium held under the auspices of the Analysis 
Instrumentation Division of the Instrument Society 
of America, August, 1957. Edited by Vincent J. 
Coates, Henry J. Noebels, and Irving 8S. Fagerson. 


Pp. xii+323.. (New York: Academic Press, 
Inc.; London: Academic Books, Ltd., 1958.) 10 
dollars. 


ERE are collected together twenty-seven papers 

on various aspects of gas chromatography which 
were presented at the symposium held by the Instru- 
ment Society of America in 1957, together with 
reports of the discussion which followed each 
paper. 

The different topics covered include theoretical 
studies of gas chromatography, new experimental 
techniques, a variety of analytical applications, and 
the design and development of automatic process 
analysers. Some of the contributions are of out- 
standing importance in their field, and stimulated 
spirited discussion outside the formal sessions of 
the symposium; among these are the paper by 
M. J. E. Golay on the theory and practice of gas- 
liquid partition chromatography with coated capil- 
laries ; a paper by C. Phillips which describes the 
use of metal salts as stationary phases to obtain greatly 
enhanced separation of substances capable of forming 
complexes with those metals ; and papers by B. O. 
Ayers, and by C. C. Helms and H. N. Claudy, out- 
lining some of the problems encountered in the design 
and operation of automatic continuous process 
analysers. The construction of a laboratory gas 
chromatography unit capable of operation at 500° C. 
and above is described by H. R. Felton; this is 
noteworthy for its simplicity and extremely low cost 
in comparison with the majority of commercial 
instruments. The factors affecting the design and 
operation of thermistor-type katharometers are 
discussed in considerable detail by C. B. Cowan and 
P. H. Stirling, and a critical study of the copper-oxide 
combustion method of detection is contributed by 
S. D. Norem. This book is similar in general outline 
to the volume edited by D. H. Desty and C. L. A. 
Harbourn containing the proceedings of the Institute 
of Petroleum 1956 symposium, but its value is 
enhanced considerably by the inclusion of an excellent 
bibliography in addition to subject and author 
indexes ; it can be recommended as a worthy addition 
to the literature on this subject. N. H. Ray 
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ANNIVERSARY ADDRESS* 
By Sir CYRIL HINSHELWOOD, P.R.S. 


AWARD OF MEDALS, 1958 


Copley Medal : Prof. J. E. Littlewood, F.R.S. 


T the present time J. E. Littlewood is, by 
general agreement among mathematicians, by 
far the most eminent pure mathematician in Britain. 
His papers contain deep and difficult solutions of 
important problems, and have opened new fields for 
investigation. The papers on the minimum modulus 
of integral functions of finite order (1908) led the way 
to further developments, including a major problem 
only recently solved. The Tauberian theorem for 
power series (1915) was an important step forward 
from Tauber’s original theorem and even from Hardy’s 
Tauberian theorem for Cesiro summation, and might 
be regarded as the true beginning of what is now 
recognized as an independent subject—Tauberian 
theorems. Among Littlewood’s results on the theory 
of functions he showed (1924) that the coefficients a» 
of schlicht functions regular in the unit circle satisfy 
the inequality | an|~<en|a,| for all n;_ this 
constituted an important advance, and since then 
the problem of whether the constant e can be replaced 
by 1 has become one of the famous unsolved problems 
of pure mathematics. His proof (1914) that a long- 
standing conjecture about the number of primes less 
than a prescribed number is false is one of the surprises 
of modern mathematics, for the correctness of the 
conjecture is supported by all available empirical 
evidence, including numbers up to a thousand million. 
Mention must also be made of his extension of 
Fatou’s theorem to subharmonic functions, and his 
excursion into the applied mathematics of anti- 
aircraft fire in the First World War. 

Besides all this work which he did alone, Littlewood 
was an important member of the partnership so 
famous throughout the world that it has created a 
name, Hardy—Littlewood analysis, for a certain type 
of mathematics cutting across the natural boundaries 
of subjects just as its technique cut through difficul- 
ties. In the best kind of mathematical collaboration 
it is impossible for the authors to say to which of 
them any particular piece of work can be attributed, 
but Hardy’s immense admiration for Littlewood, 
expressed in his “Apology” and verbally on many 
occasions, suggested that all the most difficult parts 
were done by Littlewood. Although Hardy was too 
modest, a certain kind of unexpectedness and difficulty 
is characteristic of much that Littlewood published 
independently. 

He also collaborated with R. E. A. Paley in a very 
important series of papers on Fourier series, with 
A. C. Offord in a long paper (1948) on the distribution 
of zeros and « values of a random integral function, 
and with M. L. Cartwright on non-linear differential 
equations connected with radio. His work with 


Paley provided the starting-point for extensive 
investigations by others. His work on non-linear 
differential equations, begun in 19465, is still continuing 
and has covered a wide field, including some fixed- 
point theorems in plane topology suggested by the 
results on differential equations. 


* Delivered at the Royal Society on December 1. 





He has inspired many generations of pupils, and 
his lectures and book on the “Theory of Functions” 
have formed the starting-point for some of the most 
outstanding work by young English mathematicians. 


Rumford Medal : Sir Thomas Merton, K.B.E., F.R.S. 


Sir Thomas Merton has devoted himself to research 
in spectroscopy for close on fifty years. His early 
papers dealt with absorption spectra, but he soon 
turned to the emission spectra of gases and the 
causes of the variations in the spectra produced 
under different conditions. These were of particular 
interest in relation to the spectra of celestial bodies. 
In a paper in 1916 with the late J. W. Nicholson a 
most ingenious method of measuring the distribution 
of intensity in broadened spectrum lines revealed 
marked discontinuities in the intensity curves, 
pointing to the existence of several component lines. 
The application of the same method to the inves- 
tigation of hydrogen and helium lines threw much 
fresh light on the transference of energy from one 
series to another under different conditions, and the 
distribution which is characteristic of some stellar 
radiators was reproduced in the laboratory for the 
first time. 

Merton’s Bakerian Lecture in 1922 on the spectrum 
of hydrogen cleared up a number of discrepancies in 
the secondary spectrum of hydrogen, which was 
shown to be due to the hydrogen molecule. It also 
emphasized the profound influence which traces of 
impurities can have on gas spectra. This was the 
subject of a number of subsequent papers dealing 
mainly with the influence of the rare gases on the 
spectra of other elements. All his work has been 
distinguished by the elegance and ingenuity of his 
experimental methods. 

The rarity and expense of good diffraction gratings 
led Merton to devise in 1935 a method of copying 
them without loss of optical quality by applying a 
thin layer of a cellulose ester solution to an original 
plane grating. This pellicle he detached after evap- 
oration of the solvent and applied its grooved surface 
to @ moist gelatine film on a glass plate. After 
evaporation of the water the gelatine was found to 
bear a faithful record of the original rulings. 

In 1948 Merton made an important basic advance 
in the science of ruling diffraction gratings. Since 
1880 these had been ruled groove by groove by the 
method laid down by Rowlands. In place of this 
Merton ruled a very fine helix continuously on a steel 
cylinder which he then opened out upon a plane 
gelatine-coated surface by his copying method. No 
lathe could, however, rule a helix free from periodic 
errors of pitch, and these Merton eliminated by means 
of a very simple and ingenious device. It consisted 
of a ‘chasing lathe’ by which a secondary helix was 
cut on the same cylinder with a tool guided by a 
‘nut’ lined with strips of cork pressed upon the 
primary lathe-cut helix. This device eliminated 
entirely the periodic errors, as they were averaged 
by the elasticity of the cork. 

Merton then handed over these processes to the 
National Physical Laboratory for further develop- 
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ment, and they have formed the basis of a considerable 
research programme. The ‘blazed’ gratings made by 
the Merton—N.P.L. method are already of great value 
in making available cheap infra-red spectrometers of 
high resolving power which are finding many applic- 
ations in research and industry. The ruling of long 
gratings by this method has made possible their use 
as scales for engineering measurement and machine 
tool control. 


Royal Medal (A): Prof. H. S. W. Massey, F.R.S. 


Prof. H. 8S. W. Massey is distinguished alike in the 
fields of experimental and theoretical research. His 
early experimental work was concerned with elastic 
and inelastic collisions between electrons and atoms. 
In collaboration with Bullard he carried out a series 
of experiments in which diffraction effects were 
demonstrated and studied in detail. With Mohr, 
and others, he carried through a large number of 
detailed calculations, and in particular he exploited 
the variational method with great thoroughness. His 
review in “Reports of Progress in Physics” (1942) did 
much to give a pattern to the experimental results 
by emphasizing the significance of the near-adiabatic 
conditions. 

During the same period he contributed to the early 
theoretical treatment of neutron interactions, and 
somewhat later was responsible for a large volume of 
work on the binding energies of the simplest nuclei. 

Massey has paid particular attention to negative 
ions. His writings on this subject systematized our 
knowledge and stimulated much research. He dis- 
cussed for the first time why only some atoms can 
accommodate additional electrons to form negative 
ions, listing the various mechanisms by which these 
ions may be formed and destroyed. With Mott he 
wrote “Theory of Atomic Collisions’, and with 
Burhop “Electronic and Ionic Impact Phenomena’. 
These have come to be accepted as the standard 
accounts of their respective subjects. 

Massey was the first to apply the theories of 
electron attachment and recombination to problems 
of the ionosphere, and he led the way-in reviewing the 
results of experiments in this field and in trying to 
explain them. The difficulties in the way of any 
entirely satisfactory explanation led him to investigate 
and discuss a wide range of atomic and molecular 
processes which might be operative in the upper 
atmosphere. 

It is not surprising that with the advent of the 
rocket as a means of upper atmospheric exploration, 
Massey should have made himself the pioneer British 
worker in this new field. Besides developing equip- 
ment for this work, he is heavily engaged in assembling 
more powerful apparatus for the laboratory investig- 
ation of collision process. His personal contributions 
to our knowledge of ionospheric physics are already 
considerable : the- preparatory work going forward 
in his department makes it more than likely that the 
future contributions of the research team which he 
directs will be of equal importance. 


Royal Medal (B): Prof. A. L. Hodgkin, F.R.S. 


Prof. ‘A. L. Hodgkin has taken a leading part in 
nearly all the important advances in our under- 
standing of the excitable membranes of nerve and 
muscle in the past twenty years. 

His first experiments clearly demonstrated that 
local electrical currents, set up in the cable-like 
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structure of the nerve fibre by the approaching 
impulse, were the stimulus which excited the next 
section of nerve. Hodgkin’s experiments provided 
the first experimental proof that the local currents 
were of sufficient magnitude. Further direct evidence 
for this mechanism was his demonstration that the 
conduction velocity of the nerve impulse could be 
reduced by increasing the electrical resistance, outside 
the nerve, through which the local currents flow. 

Hodgkin was a pioneer in measuring the electrical 
constants of nerves by square-pulse analysis ; he and 
Cole measured the core and sheath resistances of the 
squid giant nerve fibre; later, with Rushton, he 
extended the method to measure the capacitance of 
the nerve membrane. 

He was the first to observe and record the ‘sub- 
threshold’ responses of nerves and muscles when 
stimulated with currents too weak to initiate a 
propagated impulse. 

Hodgkin was among the first to record the electrical 
activity of nerve and muscle with electrodes inside 
the single cell, a powerful and, eventually, much-used 
technique. He and Huxley found by this means 
that the resting potential across the membrane was 
reversed during the nerve impulse. Hodgkin and 
Katz then demonstrated that the reversal of potential 
varied with the external sodium concentration in a 
way which showed that the inward current was 
carried by sodium ions. These observations were 
followed by the discovery that the action potential 
was generated by the influx of sodium ions in muscle 
as well as nerve. 

Hodgkin, Huxley and Katz studied the relationship 
between current and voltage in the nerve membrane. 
The currents were shown to be due to alterations in 
the permeability of the membrane to sodium and 
potassium ions, which were caused by changes of 
potential and accounted quantitatively for the 
propagation of the nerve impulse. 

Through Hodgkin’s researches we know that the 
rising phase of the nerve impulse (—70 to +40 mV.) 
is due to the influx of sodium ions, 3 wumoles/em.? 
nerve membrane/impulse at 15° C., sodium ions being 
pumped out of the resting nerve ; that the recovery 
phase (+40 to —70 mV.) is due to the efflux of 
potassium ions; and that there is a compensating 
influx of potassium ions during the slower, metabolic, 
phase of recovery. Hodgkin and Keynes measured 
the sodium and potassium fluxes in both directions 
across the nerve membrane and showed that both 
were active processes. 

All Hodgkin’s work is elegant, conclusive and 
clear. He has applied new physical methods to 
biological problems and made quantitative measure- 
ments at every stage. It is largely owing to his work and 
influence that coherent and well-supported evidence 
now exists for the mechanism of nervous conduction. 
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Davy Medal: Prof. R. G. W. Norrish, F.R.S. 


Prof. R. G. W. Norrish is distinguished for his 
many notable contributions to physical chemistry, 
particularly in the fields of the elucidation of photo- 
chemical change, the combustion of hydrocarbons 
and the development of experimental methods for 
the study of rapid reactions. 

His early investigations of the catalysis of the 
intrinsically important reactions of the combination 
of hydrogen and chlorine and hydrogen and oxygen 
considerably clarified many features of these reactions. 
The general acceptance of the chain nature of these 
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reactions, and the wider recognition of the occurrence 
of chain reactions led him to explore the mechanism 
of the photochemical dissociation of complex organic 
molecules, particularly the aliphatic ketones, and 
also to embark upon a considerable series of studies 
of the thermal and photochemical oxidation of hydro- 
carbons and related substances. These researches 
were of outstanding value in the understanding and 
interpretation of chain reactions. 

Norrish then took up the study of the complex 
processes of addition polymerization and in this field 
he has made significant contributions. He and his 
co-workers were among the first to recognize the now 
well-known ‘gel effect’, and to elucidate the kinetics 
of copolymerization and the features of heterogeneous 
polymerizations. The ultimate development of 
Norrish’s interest in the study of atom and radical 
reactions was the development and utilization of a 
high-intensity flash discharge lamp for the study of 
fast reactions. This method of ‘flash photolysis’ has 
become one of the most important techniques for 
this kind of work, and among other applications the 
method has been used successfully in the measure- 
ment of the spectra of new radicals, the study of rate 
of atom reactions and the investigation of explosive 
phenomena. 


Darwin Medal: Sir Gavin de Beer, F.R.S. 


Sir Gavin de Beer has made many contributions to 
the study and understanding of evolution. He early 
perceived that the mechanisms of individual develop- 
ment, at all stages from egg to adult, have an 
important bearing on evolutionary theory and that 
they must be taken into account equally with the 
facts of paleontology and comparative anatomy in 
framing a picture of the actual course of evolution. 

Haeckel’s famous theory of recapitulation asserted 
that the individual in its development ran through 
the successive adult forms of its ancestors, and that 
accordingly phylogeny in some way determined 
ontogeny. De Beer, in his “Embryology and Evolu- 
tion” and successive editions of his later book 
“Embryos and Ancestors”, has done more than any 
other biologist to show that Haeckel was wrong—that 
recapitulation, if present, is always the recapitulation 
of ancestral developmental stages, not of ancestral 
adult forms ; and that it is changes in ontogeny and 
its mechanisms which actually influence the course 
of phylogeny, and not vice versa. 

In particular, he generalized the important concept 
of paedomorphosis, by showing how various types of 
retardation of various ontogenetic processes would 
result in the prolongation of juvenile characters into 
the adult phase. He thus demonstrated the import- 
ance of this anti-recapitulatory process for many 
notable evolutionary events, including the origin of 
insects from myriapods, and our own origin from an 
anthropoid stock. 

For these studies he drew largely on his wide 
knowledge of experimental embryology, summarized 
in his joint volume with J. 8S. Huxley in 1934, as well 
as on his own monumental study of “The Develop- 
ment of the Vertebrate Skull” (1937). From this 
latter work he drew the conclusion that the earliest 
vertebrates had bony skeletons, and that the form- 
ation of cartilage was originally limited to the early 
stages of ontogeny. The cartilaginous skull of elasmo- 
branchs is thus not ancestral, but neotenous, resulting 
from the prolongation of an embryonic condition into 
adult life and not from the recapitulation of an 
earlier adult condition. 











In 1947, by his ingenious work confirming the 
origin of the urodele visceral skeleton from cells of 
the neural crest, he helped in finally burying the 
germ-layer theory in its original dogmatic form. 

With equally ingenious methods, as director of 
the British Museum (Natural History), he was able 
to discover important new facts about the brain and 
breastbone of that precious fossil, Archaeopteryx, and 
to demonstrate that it was still incapable of manceuv- 
rable flight. 


Sylvester Medal : Prof. M. H. A. Newman, F.R.S. 


Prof. M. H. A. Newman’s work can be described 
under three headings : 

(1) Fixed point theory and continuous groups. In 
1900 Hilbert proposed the problem of showing that 
the analytic character of a continuous group follows 
from its continuity alone. This was proved by 
Brouwer for two-dimensional groups in 1910. In 
1931 Newman proved it for commutative groups of 
arbitrary dimension. In this proof the basic lemma 
is that such a continuous group does not have 
arbitrarily small sub-groups. The proof of the 
lemma depends on an investigation of the fixed 
points of periodic transformations. 

The later work of Newman on Hilbert’s problem 
was not published and was rediscovered independently 
by Montgomery, Zippen and Gleason, who extended 
the basic lemma to non-commutative groups and gave 
a final solution to Hilbert’s problem in 1952. 

His most striking recent result was an elementary 
proof of the formidable fixed-point theorem of 
Cartwright and Littlewood. 

(2) Pure combinatorial topology. This is the very 
difficult part of topology in which continuous map- 
pings of manifolds are replaced by combinatory 
transformations of finite cell complexes. In 1926, 
Newman gave new life to this subject by completely 
refounding pure combinatorial topology using sim- 
plicial complexes and a new system of elementary 
combinatory moves. He showed the effectiveness of 
the new methods in a series of ten papers in which 
several famous problems were solved. All later 
work on the subject is based on Newman’s results. 

He ceased systematic publication on this subject in 
1932, though he is known to have continued working 
on the conjecture of Poincaré and Steinitz that every 
manifold can be represented as a simplicial complex 
and that homceomorphic manifolds are simplicially 
equivalent. Interest in pure combinatorial topology 
has revived in the present decade since Moise, using 
methods similar to those of Newman, has proved the 
Poincaré and Steinitz conjectures for three-dimen- 
sional manifolds. 

(3) Applications of combinatorial methods. After 
1932, although very little of Newman’s work on 
topology was published, he continued to publish a 
number of papers on logic, lattices and other applic- 
ations of combinatory methods. He also published 
an important introductory text-book, ‘The Elements 
of the Topology of Plane-Sets of Points’. 

In 1941 Newman published a remarkable axiom 
system for Boolean algebra, and in 1943, in a paper 
on stratified systems of logic, he developed a general 
method covering the different type theories proposed 
by various mathematical logicians. 


Hughes Medal : Prof. E. N. da C. Andrade, F.R.S. 


Prof. E. N. da C. Andrade’s experimental inves- 
tigations have covered a wide field of physics. He 
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elucidated the mechanism of a series of classical 
phenomena in sound. He demonstrated the method 
by which sand particles on a vibrating plate are 
brought to adopt the observed positions, the causes 
of the peculiar arrangements of the particles in the 
Kundt’s tube, and the reasons for the characteristic 
behaviour of the sensitive flame. In the Kundt’s 
tube he obtained experimentally the slow circulation 
predicted by Rayleigh, but not previously observed. 
Further, he has made considerable contributions to 
the domain of viscosity of liquids, including liquid 
metals ; and to metal physics, including the properties 
of single crystals. 

Andrade has derived a formula for the variation 
of viscosity with temperature. He has also derived 
a formula which gives the viscosity of a liquid at 
the melting point as a simple function of the atomic 
weight, density and temperature, free of any arbitrary 
constant. This formula has been used with success 
to predict the viscosity of liquid helium. His 
formula for the variation of viscosity with pressure 
yields exact agreement with the observed value of 
the only available monatomic liquid, mercury, at a 
pressure of 12,000 atmospheres. Andrade has also 
established the (very small) effect of an electric field 
on the viscosity of a liquid, an effect which had been 
vainly sought for more than sixty years. 

In metal physics Andrade has done much original 
and ingenious work. In the investigation of creep he 
has shown the importance of maintaining constant 
stress ‘istead of constant load, as was done by earlier 
worke's in this field, and has given various mechanical 
methods for maintaining constant stress. He has 
established the laws of creep, dividing the process 
into two distinct parts, a temporary and a permanent 
creep, the first due to slip on crystal planes within 
the crystals, the second or permanent fiow, which is 
important at high temperatures, being due to relative 
movements of the grains as a whole. The relative 
importance of the two forms of creep has been shown 
to depend on the temperature relative to the melting 
point. His early work on creep is considered 
fundamental in recent books on the subject. 

Andrade has also developed methods of making 
single crystals of metal, in the form of wires or rods, 
and has investigated the nature of the glide planes. 
It was he who first established the ‘easy glide’ which 
can take place with cubic crystals, while a recent 
paper with Aboav extends the earlier work of 
Andrade and Henderson-in which the ‘easy glide’ was 
established. Andrade also demonstrated the effect 
of surface conditions on the properties of metals. 


SOME MODERN SCIENTIFIC THEMES 


If, as some of us believe, natural science is to-day 
the foremost of humane studies, we cannot be 
indifferent to its great central themes: the nature 
of the cosmos, the origin in time of its preseut ordering, 
the law (cyclic or otherwise) of its evolution, the stuff 
of which it is made ; waves, particles, and their ways, 
their mutual relations and their metamorphoses ; 
the genesis of the chemical elements ; the operation 
of the laws of chemistry and physics to determine 
the spectacle of material vicissitude ; the origin of 
life, the ‘evolution of its multitudinous forms, the 
manifestation of its properties and the correlation of 
these with the physicochemical principles which 
somehow underlie them. 

In the scientific literature of a limited period the 
main lines of progress are not easy to make out. 
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Occasional great discoveries burst on us like revels- 
tions, but mostly only trends are visible. The different 
contributions, moreover, are often expressed in quite 
different idioms, some indeed being scarcely intellig- 
ible except in the language of specialized symbolisms. 
Yet it behoves us to try to see where science stands 
and where it is going, and from this point of view I 
shall refer briefly to some of the trends and charac- 
teristics of the work of the very recent past. 

Cosmology is in a state of flux in almost every 
possible sense. The present order of things, it now 
appears, has lasted something like 101° years. 
Evidence from the 2l-cm. radiation of hydrogen 
revealed the spiral structure of the galactic system, 
and now our estimate of the whole scale of the stellar 
universe has suddenly been enlarged by the observa- 
tions of Sandage. The 200-in. telescope has during 
the past year revealed that some distant objects 
thought on the evidence of the 100-in. instrument 
to be stars are in fact associations, and in consequence 
the accepted distance scale must be greatly increased, 
according to one line of argument by a factor of 
several times. 

The radio telescope is contributing much to work 
on the structure of the universe, and the past year 
has seen major advances in technique. The possi- 
bility that some of the radio sources may be colliding 
galaxies beyond the range of optical telescopes shows 
the significance of the new methods. It may also 
be hoped that observations, from artificial Earth 
satellites, of radiation in wave-lengths absorbed by 
the Earth’s atmosphere, may lead to further dis- 
coveries about the happenings in the depths of space. 
This is perhaps one of the best of reasons for launching 
these bodies. 

Our general conceptions have long been largely 
dominated by the apparent continuous expansion 
inferred from the infra-red shift of spectral frequen- 
cies. This recession of nebule was recently inter- 
preted by Holmberg in terms of a special geometry 
where velocity and position are complementary 
quantities and where the equations provide that what 
is interpreted locally by one observer as displacement 
is interpreted by a distant observer as velocity. 

How much value we attach to translations into 
geometrical formalism really depends upon a philoso- 
phical attitude. The earliest great synthesis of 
Nature, the theory of gravitation, later received a 
famous geometrical interpretation in the general 
theory of relativity. But other explanations based 
on the particle-exchange conception familiar in chem- 
istry and nuclear physics have been sought, and have 
very recently been revived, with the neutrino in the 
role of the binding particle. The outcome is uncertain 
but it would be exsthetically satisfying if, as it were, 
the infinitely great and the infinitely small were thus 
brought into relation. 

According to some theories, there is an endless 
renewal of cosmic cycles, determined by extremely 
rare collisions between stars: new galaxies are 
formed from the debris of old, new stars are born 
and the chemical elements are rebuilt from the 
undifferentiated nuclear matter of hyperdense stars. 
However this may be, cosmology and nuclear physics 
here come into strikingly close relation. A reasonably 
plausible though complex set of hypotheses is emerg- 
ing about the manner in which the chemical elements 
are formed by ‘hydrogen burning’, ‘helium burning’ 
and by neutron capture processes in the stars. The 
details depend largely upon the evidence of nuclear 
collision processes studied in the laboratory, and on 
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calculations based on the results. In spite of all 
uncertainties and complications, a most impressive 
picture emerges of the origin and relative abundance 
of the elements. 

In contrast with the abstract formalism of parts 
of the theory, it is interesting to note in nuclear 
chemistry and physics generally how much is still 
being done in a relatively simple manner. Nuclear 
syntheses, at temperatures of the order 10* deg. K., 
are treated in a way resembling on a vastly magnified 
energy-scale the familiar calculations of chemistry. 
The synthesis of carbon-12 from three «-particles, to 
take one example, is envisaged as occurring in the 
steps : 
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2a + 94 keV. = *Be 
8Be + « + 278 keV. = 12C* 
120* — 1240 + 2y + 7:65 MeV. 


and the rate of the reaction is estimated by an 
integration of the Maxwell energy distribution of 
a-particles over each of the relevant resonances. 

Theories of this kind, like the planned synthesis of 
isotopes, have something of the character of structural 
chemistry in its heyday ; and indeed a whole chapter 
of nuclear chemistry dealing with synthesis, fission 
and so-called spallation reactions operates in terms 
of quite elementary ideas, odd or even numbers of 
neutrons and protons determining stability and 
frequency of occurrence of nuclei, and the likelihood 
of their fission after neutron capture. It is interest- 
ing to note in passing that recent estimates, based 
upon reasonable extrapolations, predict the possibility 
of nuclear masses a good deal higher than was at one 
time envisaged. The original synthesis of element 
102 has been called in question, but a new production 
by a different method is simultaneously claimed. 
(Even this situation has echoes of the classic days of 
synthetic organic chemistry.) 

Reduced to its simplest terms, the project of 
harnessing the energy from nuclear fusion in the 
reactions D + D or of D + T is the old problem in 
reaction kinetics of raising gases to an ignition 
temperature, where the heat evolved from reaction 
exceeds that needed to provide the activation energy 
and balance the losses. Temperatures of nuclear 
transformations are about six orders of magnitude 
greater than those of ordinary chemistry. Thus 
what is now being brought near to realization is the 
application of advances in electrical engineering to 
render possible in the laboratory what a few years 
ago appeared possible only in the stars. 

The translation of traditional physical chemistry 
far up the energy-scale raises an interesting specula- 
tion. In certain chemical reactions, branching chains 
lead to the existence of critical pressures where 
abrupt transitions from slow reaction to explosion 
occur, and the same pattern exists in the phenomena 
of critical size in nuclear fission. In chemical systems 
special conditions are known where the branching and 
quenching of chains give rise to periodic flames. 
[t is an interesting question whether perhaps eventu- 
ally the chain reactions of stellar alchomy may even 
explain in an analogous way the mystery of the 
Cepheid variables. 

One of the profoundest problems facing science 
to-day remains that of the so-called elementary 
particles themselves. The subject is no easy one, 
and throughout its description the abstractly formal 
and the naively pictorial interplay with curious 
contrasts. The entities in question are, in fact, neither 
elementary nor in the usual sense particles, yet in 
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some way they, or some of them, are the stuff of which 
everything is made. 

Even in the bizarre and scarcely credible world of 
mesons, neutrons, hyperons, ‘strange’ particles and 
the like, there occur phenomena still oddly reminiscent 
of the simpler kinds of chemistry. ‘Positronium’ is 
now known in its ortho and para forms; mesonic 
atoms have been detected. Mesons can be made to 
function as catalysts for nuclear reactions, as, for 
example, in the bubble chambers where there occurs 
the reaction (Jackson 1957) : 


u- +p+d—> *He + u- + 5:5 MeV. 


with a mesonic atom as a probable intermediate. 
Another example of the relatively simple analogy 
is to be found in the so-called shell model of the 
nucleus, which has been yielding useful results by 
methods not unfamiliar to the spectroscopy of a 
generation ago. Reactions provoked by the antineu- 
trino flux from the §--active fission products of a 
uranium-235 pile provoke reactions such as p(¥, B+)n, 
in striking vindication of what once used to seem a 
mathematical fiction. 

Yet the homely analogies fail when confronted with 
the attempt to interpret the nuclear particles them- 
selves, and the physics of their generation, mutual 
intereaction and decay. Some completely new 
principle, it seems, is needed before this subject 
assumes the form of a coherent and intelligible body 
of doctrine. 

More and more remarkable facts are being revealed, 
largely by the technique of scattering experiments, 
carried out with the aid of the great accelerating 
machines. The principle is a simple one, beams of 
particles of the appropriate character being passed 
through a material presenting an array of obstacles, 
such as electrons or nuclei. What may crudely be 
termed collisions occur, and the incident beam is 
replaced by an attenuated transmitted one together 
with a scattered beam, the intensity, character and 
angular distribution of which is determined. It is 
in this, as well as in the arrangements for the genera- 
tion of the beam, that varied and ingenious, elaborate 
and costly methods are called for. The theoretical 
treatment of these problems is based upon the equa- 
tions of quantum mechanics and necessarily assumes 
an abstract and formal character. The density of 
particles in the incident beam is represented as a 
function of the spatial co-ordinates by one wave, 
that of the scattered beam by another. Tho relation 
between the two involves, apart from certain general 
requirements of continuity, the function representing 
the potential energy of the interaction between the 
two kinds of entity concerned in the collision. This 
function for various kinds of interaction is one of the 
main objects of research, and its determination 
depends upon complicated and often subtle charac- 
teristics of the intensity distribution. Enormous 
effort is being expended on this problem, but a satis- 
fying theory of nuclear forces is still lacking. 

In the curious picture of tidiness and complexity 
which nuclear particles present, the element of 
symmetry, so strikingly extended by the discovery 
of the antiproton and the antineutrino, has been 
strengthened by the appearance of the antineutron, 
which is produced in the process : 


antiproton + proton — neutron + antineutron 


The antineutron, like;the neutron, has no charge, but 
differs from it in that its magnetic moment is parallel 
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instead of antiparallel with its spin angular momen- 
tum. 

Questions of spin and symmetry, though belonging 
to the abstract rather than the naive modes of inter- 
pretation, can be more vividly apprehended than 
most of the former group and are clearly fundamental 
to the nature of things. The problem of the conserva- 
tion of parity has naturally roused much interest, and 
this subject formed the theme for a Royal Society 
discussion meeting early in the current year. Despite 
the rather deep significance of the parity question, 
it seems to be agreed that the practical consequences 
in physics of the non-conservation are much less 
drastic than other failures of conservation might 
be. 
Thus by minute but immensely significant brush 
strokes the grandiose picture can be seen slowly 
emerging. The abstruse bombardment and scattering 
experiments of physics probe at the secret of the 
strange and often transient microcosmic entities 
while the 200-in. telescope and the radio telescope, 
presently perhaps to be reinforced by instruments 
carried by satellites, penetrate the depths of space to 
find the secrets of the macrocosmic entities. Within 
the greater entities, the lesser, under the impulse of 
almost Pythagorean laws, yield the chemical elements, 
and the greater, themselves transient on their own 
vast time-scale, evolve planets, where organic sub- 
stances can be synthesized and life appears. 

In the second half of last year the Moscow con- 
ference on the origin of life brought to focus a further 
series of interrelated problems. Cosmology and 
geology determine the initial possibilities, which 
depend upon the original terrestrial atmosphere. 
This probably was a reducing one containing methane, 
ammonia and hydrogen, from which amino-acids, 
and by stages a complex store of organic compounds, 
could be accumulated. According to one view, there 
must have arisen at some stage self-reproducing 
mechanisms within semi-liquid colloidal systems, a 
process not necessarily dependent on enormous 
improbabilities, since it could occur in stages, pre- 
fabricated units of one order of complexity uniting 
to give constellations of a higher order. 

Once living material has been formed, natural 
selection operates on it. In the centenary year 
of the historic paper of Darwin and Wallace, this 
principle is not likely to be forgotten. It has long 
dominated biology, and in one form or another is 
incontestable. Heritable mutations or new combina- 
tions leading to a finite advantage will of course 
prevail. Too often, however, people have been 
content to leave it all at that and to treat the real 
problem as though it did not exist. What is the 
nature of a mutation, and, a much profounder 
question, by what means does it express itself in the 
organism ? We cannot be content with vague 
assertions that the possibilities of life are infinite. 
Selection presupposes something worth selecting ; 
in a war-time market the shopping capacities of the 
best housewife are of little avail. 

Recently the custom has grown of speaking of 
codes or programmes contained in the structure of the 
deoxyribose nucleic acid of the cell. Vast macro- 
molecules composed of alternating sequences of 
varied units can, evidently, in their permutations and 
combinations, provide a code for anything. After all, 
the twenty-six letters of the alphabet can express 
the whole of human knowledge. But at least as 


important, and much harder to visualize is the work- 
ing of a machine to translate the code. The interrela- 
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tion deoxyribonucleic acid —ribonucleic acid — protein 
governs the growth of the cell, with its enzyme com- 
plement and characteristic reaction pattern. The 
relation of the cell to the tissue, and of the tissue to 
the organized plant or animal, is not, after all, made 
much easier to understand simply by the principle 
that efficient self-replicating systems once established 
will displace less efficient ones. 

The sequence of events by which the genetic code 
is operated is highly complex, and at certain stages 
of it there might be crucial points such that a small 
change in the code directs development along widely 
different paths. A phenomenon of this kind would 
perhaps satisfy the need of those who have felt some 
doubt, not of the truth and efficiency of natural 
selection, but of its ability to say everything that is 
worth saying about the origin of species. No meta- 
physical principles, of the kind rightly deplored in 
science, are involved in asking whether a certain 
discreteness in species may not be inherent in a corre- 
sponding discreteness in the admissible solutions of 
the equations which relate the possible growth-forms 
of an organism to the basic genetic pattern. Discon- 
tinuities arise in analogous ways throughout chemistry 
and physics. 

The working of the machine by which genetic 
information is translated into cells and into complex 
individuals and by which it determines species is thus 
really the central problem of biology. The problem 
is being studied at many levels, and in many ways ; 
by work on the basic chemical structures themselves, 
on changed amino-acid sequences in the proteins of 
mutants, on the persistence of biochemical functions 
in living material after disintegration of entire cell 
structures, on the separation and reconstitution of 
virus components, on interference with virus growth, 
on the unbalanced growth of cells exposed to abnormal 
conditions, on adaptive phenomena in intact cells, 
on the earliest stages of embryonic development, 
including the effects of chromosome defects and of 
nuclear transplantation. 

Naturally enough, much interest centres in the 
nucleic acids themselves. There is no question of the 
importance of their pattern, though even here it 
would seem to be unfortunate if exclusive preoccupa- 
tion with this one aspect condemned to neglect all 
the other aspects of cell organization and structure. 
Indeed, in connexion with virus reproduction, 
Fraenkel-Conrat, Singer and Williams concluded 
tentatively that “the protein may after all havea 
minor influence in the replication process’. It would 
indeed be surprising if anything short of the complete 
structure and the entire organization of a cell com- 
pletely determined its reproduction. 

In seeking to fit the individual pieces of the special- 
ized literature into their places in a coherent pattern, 
a classification into those dealing primarily with form 
and those dealing primarily with function may be 
made as a matter of rough convenience. 

Pure form is illustrated by the many chemical 
studies on the structure of nucleotides, nucleic acids, 
polypeptides and protein which are made by physical 
and chemical methods, both analytically and syntheti- 
cally. As recent examples out of many, I might quote 
on one hand the synthesis of peptides containing 
sequences found in the natural compound argenine- 
vasopressin, and on the other a hypothetical estab- 
lishment of the complete amino-acid sequence in 
glucagon (a material of pancreatic origin). 

Function can be studied in many ways. One is the 
careful observation and interpretation of the behavi- 
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our of intact cells in growth and adaptation. Another 
is the detailed study of individual enzymes and their 
‘induction’ (Monod, Pollock). Such work has been 
widely discussed in recent years. Lately, much 
attention has been given to methods which seek, 
as it were, to analyse the function of the cell into single 
elements. One is by the investigation of the bio- 
chemical potentialities of cell extracts, and cell 
fragments, mitochondria, protoplasts and so on, and 
of the related question of ‘metabolic pools’ in cells. 
Cells can be broken down by various methods, by the 
use of lysozyme, sonic vibrations, various grinding 
procedures and by centrifugation which separates 
particles of different sizes from cell walls and super- 
natant fluid. The enzymatic functions of different 
fractions can be tested, and the relative proportions 
of different constituents in the various fractions 
determined. The localization of functions in the 
various size-ranges appears to vary with the organism 
studied and with the technique of disintegration 
employed. Sometimes a given function is shown 
predominantly by one fraction, for example, the super- 
natant fluid left after centrifuging, sometimes by 
several fractions. These and other complex observa- 
tions obviously bear upon the question of internal 
organization in an important way, though almost any 
conclusion of general interest rests upon some very 
specialized and detailed judgment about the 
significance of given elements in the technique. 

One observation of great interest is that of Roberts 
and collaborators, who find that a clear preparation 
of certain cellular juices to which manganous ions 
are added may, after a period of delay, give rise to 
particles (to which the term ‘protomorphs’ is given). 
These possess variable synthetic ability and seem to 
represent an intermediate state between the organiza- 
tion of the cell and the disorganized condition of the 
juice. As another example may be quoted the 
observation (Utter, Keech and Nossal) that yeast 
cells contain sedimentable subcellular units which 
have enough organization to effect complete bio- 
chemical reactions. 

These and many other observations show that the 
organization of the cell is departmentalized and 
perhaps in a hierarchical manner, protein and nucleic 
acid being in a structural relation within particles, 
and particles themselves forming structural arrays 
in the cell. There is, however, a limitation to this 
approach. If a factory capable of manufacturing 
entire motor-cars were bombed it might be capable 
soon afterwards of turning out engines but not 
chassis or vice versa, or the electrical supply might 
be intact and the water cut off, and so on. Much 
could be inferred from careful observation, but 
nothing would really replace a study of the working 
of the intact installation. 

Intact cells studied under abnormal conditions 
have yielded very valuable observations, of which 
[ can quote only a few. In the presence of certain 
drugs protein synthesis may be held up while ribonuc- 
leic acid synthesis continues. In one system it was 
found (Ben-Ishai) that if ribonucleic acid is formed 
without protein, and then protein synthesis is allowed 
to occur afterwards, the preformed ribonucleic acid 
does not participate in this synthesis, which is linked 
only with that of the deoxyribonucleic acid simul- 
taneously made. Certain mutant bacteria studied by 
Cohen required thymine and will not multiply in its 
absence, being unable to synthesize the deoxyribo- 
nucleic acid necessary for cell division. They may, 
however, form protein and ribonucleic acid, and the 








NATURE 1637 


resulting unbalanced growth may eventually prove 
lethal. If the mutant also requires a specific amino- 
acid, withholding this restrains the unbalanced 
growth and increases the ultimate survival. A strain 
requiring both thymine and phenylalanine was 
incubated first in phenylalanine without thymine 
and then vice versa: something occurred in the first 
stage which permitted in the second stage a doubling 
of the deoxyribonucleic acid without formation of 
ribonucleic acid—an elegant example of control. 
A somewhat similar control operates in the process 
whereby cells from which thymine is withheld can be 
brought into a state where addition of thymine will 
cause all to divide together, a ‘synchronization’ 
process, which had been earlier effected by manipula- 
tion of the growth-temperatures of cells. 

Division is largely determined by deoxyribonucleic 
acid. Deoxyribonucleic acid is the most important 
seat of hereditary characters. What may well be an 
enlightening glimpse of the first stage in the translation 
of the code is provided by the work of Holt and his 
collaborators. By special staining devices they locate 
areas of specialized enzyme activity in the cell. In 
rat-liver cells, enzymes having normally a peripheral 
distribution gather together during the process of 
mitosis and cluster towards the nuclear region, 
themselves going through a characteristic series of 
movements before dispersing finally to the surface 
regions of the daughter cells. This intimate com- 
munion of enzyme material with the nucleus during 
the mitotic process is an impressive reminder that the 
cytoplasm should not be regarded as an inert passen- 
ger without significance in reproduction. 

Proteins and nucleic acids, genes, chromosomes and 
nuclei, cells, and early embryos are thus yielding 
suggestive glimpses of the fundamental mechanisms 
of the biological machine. Further clarification calls 
perhaps for a little more boldness in the study and 
analysis of hypothetical models, though in parts of 
the subject some of these are indeed being tested. 
Models in the more fundamental parts of physics are 
out of fashion, perhaps gone for ever, but in biology 
they remain a powerful aid; not only in the chemistry 
and physics of cells, but also throughout physiology, 
up to the working of the nervous system and the 
operation of the brain itself. 

Of brain function there is a crude and distant, but 
fascinating, reflexion in the operation of electronic 
calculators. In one of the latest of these, constructed 
by Uttley, statistical information about the pattern 
of input activity is accumulated, a leakage device 
ensuring that recent events have @ greater influence 
than earlier ones. The result is that the machine 
operates in a way which in everyday language can 
be likened to learning by experience. The comparison 
may not prove to be a valid one, but it is even more 
interesting and provocative than anything I have yet 
seen in discussions about the other end of the scale, 
where the nucleic acids first begin to direct the 
development of any living organism. 

So from the abysses of space where the elements are 
evolving and worlds are forming to the human brain 
which thinks about it all the story is unfolding. No 
detail of it is won without expert labour much of 
which is beyond the power of the layman to judge. 
But let us not forget the ends to which it is directed. 
It is all too easy to think of detailed and absorbing 
work as an end in itself; but in so far as we may 
yield to the temptation, science will fail to occupy 
yas place in the scheme of things which is its rightful 

ue. 


1638 








IR JAMES GRAY has admirably analysed the 
nature of the complex pattern of flagellation in the 
spermatozoa of the sea-urchin and the bull'.*. In 
both species of sperm a co-ordinated activity involv- 
ing two major components of motion has been indi- 
cated—a propagated uniplanar wave initiated at the 
proximal end of the flagellum, and a superimposed 
longitudinal rotation upon the axis of propulsion due 
to a third-dimensional thrust by distal elements of 
the tail. The roughly helical pathway which results, 
albeit a tight spiral, is thus inherent in flagellar 
activity. It is not to be attributed, for example, 
merely to an asymmetrical configuration of’ the 
sperm head, which might convert a simple two- 
dimensional beat into an apparently three-dimensional 
movement of the entire cell. 

The relation of mechanics of rotation to propaga- 
tion of the vibrational wave appears to be quite 
different in these two types of sperm. Longitudinal 
spinning in sea-urchin sperm occurs at the rate of 
about 3/sec., whereas the vibrational wave-frequency 
averages 33/sec.; the two are thus relatively inde- 
pendent. In bull sperm, on the other hand, the rate 
of rotation corresponds closely to the frequency of 
the bending waves, 8—9/sec., and the two therefore 
seem interrelated. It was suggested that the bull 
sperm undergoes rotation as a result of a slight twist 
in the tail where the bending wave passes over the 
distal region. An alternative explanation was that a 
torsional wave accompanies the bending wave in its 
propagation along the flagellum?. 

The ultimate elucidation of these and other details 
of sperm motility will, of course, have to await further 
morphological clarification of the ultrastructure of 
the cell, particularly that afforded by the electron 
microscope. An explanation of the mechanics of 
movement will also depend on the biochemical 
identification of the precise elements involved in the 
processes of contraction, compression, and co-ordina- 
tion of the flagellum. However, certain current 
observations of sperm, admittedly subject to highly 
unorthodox procedures, have some bearing on this 
problem and constitute the substance of this article. 
The two modalities of movement, indicated by Gray, 
can be separated and, in a sense, analysed individually. 
Their ‘uncoupling’ permits a consideration of the 
mechanics of waves as opposed to the propagation and 
co-ordination of waves. At the risk of attempting to 
tie up too much in one bundle, a tentative and simpli- 
fied hypothesis of sperm flagellation is suggested. 

The motility of spermatozoa, freshly exploded from 
the spermatophores of the common squid, Loligo 
pealii, is characteristically a 
violent, lashing, three-dimen- 
sional phenomenon. When such 
preparations are allowed to age, 
changes, in motility, as might be 
expecied, are pronounced. Sperm 
activity is very much decreased, 
as is fertilizing capacity ; in this 
sense the cells are pathological. 
Nevertheless, with this caveat 


Fig. 1. 
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well in mind, we have found their slow motion 
to be a useful subject for study since they are not 
so seriously impaired that they cannot clearly 
respond, by a prompt increase in motility, to the 
addition of adenosine triphosphate in sea water. 

In such slowly moving spermatozoa two kinds of 
movement may be readily distinguished. The more 
vigorous activity consists of a two-dimensional bend- 
ing wave, asymmetrical with respect to the longi- 
tudinal axis and limited to the proximal segment of 
the flagellum (Fig. 1). The duration of wave 
formation compared with that of wave dissipation 
is of the order of 3 or 4 to 1, with a perceptible 
pause between beats. Bending, presumably the 
contraction phase, thus occurs gradually ; straighten- 
ing, the corresponding relaxation phase, occurs 
abruptly. Such wave formation can occur rhythmic- 
ally without propagation along the flagellum. This 
uniplanar vibration may or may not be accompanied 
by the rotational movements discussed below. 

Of the cells which could be clearly observed to 
undergo this slow-paced steady rhythm, fully 80 per 
cent bent in the plane and in the direction of the 
mitochondrial spur, a prominent characteristic of the 
mid-piece of the squid sperm. Thus, a relation exists 
between the asymmetry of the cell and the orientation 
of the vibration. The structural correlation of the 
spur with the ultrastructure of the axial bundle, and 
the additional correlation of the fibrillar arrangement 
with respect to the direction of beat of the flagellum 
bear further investigation. A relation of fibrillar 
orientation to direction of beat has indeed been 
established for cilia’, and suggested for sea-urehin 
sperm‘. 

The second and less-vigorous type of motility seen 
in ageing squid sperm is a rotation on the longitudinal 
axis at the rate of 3-4 revolutions per second. This 
movement is generated by the distal region of the tail, 
and, as in the sea-urchin sperm, the rate is very much 
lower than is the frequency of distal flagellation. 
Spinning may occur in straight, otherwise motionless, 
sperm as well as in those cells which also display the 
vibrational wave. The direction of rotation, which 
can be observed by virtue of the projecting spur, is 
predominantly counter-clockwise, viewing the sperm 
head-on (Fig. 1). 

Thus, in these retarded squid sperm, motility, while 
far from the co-ordinated rapid movement of normal 
cells, proves to be basically similar to that recorded 
for sea-urchin sperm’. An added feature concerns 
the close correlation of the plane of two-dimensional 
vibration with the gross asymmetry of the mid-piece 
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of the squid sperm. The significance of the difference 
in direction of rotation is not clear. 

Certain aspects of sperm motility can be analysed 
in a totally different way—again of sperm exposed to 
highly unorthodox but controlled procedures. Sperm 
of several species of mammals (rabbit, rat, mouse, 
guinea pig, bull and man) have been prepared as 
glycerine-extracted cell models' comparable with the 
muscle-fibre systems introduced by Szent-Gydérgyi*. 
Such models have presumably lost all soluble inor- 
ganic and organic substances, their permeability 
has been destroyed and their ionic balance upset ; 
the contractile and structural proteins, however, 
prove to be functionally intact. These models, 
parenthetically, are morphologically normal as seen 
in the phase microscope. Unlike muscle-fibre models 
which contract only once upon the addition of 
adenosine triphosphate, sperm models assume a 
persistent rhythmic activity which lasts many 
minutes or hours; in a very real sense, the contrac- 
tion-relaxation cycle is self-perpetuating?. The 
flagellation is frequently as vigorous and may even 
exceed the frequency of beat of fresh sperm. Wave 
amplitude approximates that of normal vibration, 
6-8. The entire tail can be involved or only short 
segments located proximally or distally along the 
flagellum. Bending waves develop from both sides 
of the longitudinal plane, implying the presence 
of contractile elements along both sides of the tail. 
Two limitations, however, distinguish the motility 
of sperm models induced by adenosine triphosphate 
from that of normal cells. The models show neither 
wave propagation along the flagellum nor rotation 
upon the longitudinal axis. Moreover, they fail to 
undergo any significant forward progression, despite 
the vigour of their movements. 

The study of such extracted sperm models leads 
to the conclusion that, while inherently generated 
bending waves similar to those of normal contraction— 
relaxation cycles occur, both wave propagation and 
co-ordination are absent. Repeated efforts to restore 
these missing elements to the motile process by 
adequate adjustment of the ionic balance have been 
quite unsuccessful. 

What emerges, then, from observations on such 
aberrant cells in relation to motility in normal sperma- 
tozoa ? Confirmatory evidence is provided for the 
existence of two discrete components of flagellation. 
Wave formation, as a mechanical and chemically 
generated process, is distinct from wave propagation 
and co-ordination leading to helical motion. The 
energy for vibration is distributed along the flagellum 
and distal oscillation does not require visible proximal 
wave bending. Bending couples may involve only 
segments of the flagellum; there is no evidence to 
indicate that a tensile element, extending throughout 
the tail, must contract in its entirety, whether this 
be visualized as a straight or a twisted fibril system’. 
Wave formation normally seems to be initiated at 
the basal corpuscle or mid-piece and to travel distally 
in &@ propagated manner. 

Should rotational activity depend on a twist in the 
contractile or in the compressive elements of the tail, 
the twist must be sought in the distal region of the 
flagellum. If the distal helical flagellation depends on 
co-ordination from the proximal end, this conductile 
system may be lost altogether concomitantly with 
failure of wave propagation (for example, sperm 
models), or may persist despite the absence of a 
propagated vibrational wave (for example, squid 
sperm). In both types of sperm, however, the rate of 


No. 4650 


NATURE 








1639 





terminal flagellation is high, the slow roll of the 
squid and sea-urchin sperm being a false index of the 
frequency of oscillation. 

To what extent are these findings consistent with 
the ultrastructural picture of the sperm ? The more 
recent electron microscopic investigations of sperma- 
tozoa indicate that the fibrillar arrangement of the 
flagellum is more complex than that represent>d by 
the well-nigh universal, simple 9 + 2 or 2(9) + 2 
system of longitudinal filaments*-"'. Superimposed 
upon the basic radial symmetry is a bisymmetry 
provided by the two central filaments and the indi- 
vidual differentiation of the peripheral fibrils*.13. 
Such an arrangement, most prominent proximally, 
affords a physical basis for envisaging an oriented 
vibration in a single morphological plane, a wave 
characterized by a prevalent direction of effective 
beat and asymmetrical bending. The elegant 
electron micrographs of sea-urchin sperm tails prepared 
by Afzelius further suggest that cross-links (‘side 
arms’ and ‘spokes’) may connect adjacent peripheral 
fibrils and interconnect these with the central pair‘. 

The contractile elements are generally regarded as 
located in the nine peripheral double fibrils of the 
flagellum. Evidence for this is largely circumstantial, 
but nevertheless considerable*.*.14.15, The function 
of the two central fibrils is somewhat in doubt, but 
they are to be regarded as relatively rigid supports 
and mainly responsible for the determination of the 
direction of vibration‘. The structure and function 
of the cytoplasmic ‘matrix’ and of the prominent 
fibrous sheath, or ‘cortical helix’, of mammalian 
sperm are also poorly understood. Judging, however, 
from the gradual taper from proximal to distal end 
of the flagellum of many kinds of vertebrate sperm, 
from the relative nakedness of the terminal region of 
some flagella, and from the obvious differences in 
bending characteristics from fore to aft}*, the 
resistance to oscillation appears to decrease with 
passage of the propagation along the tail to the 
tip. 

Any hypothesis of sperm motility at this time can 
be only tentative at best; nevertheless, sufficient 
information is available to project an intracellular 
system along the following lines. Flagellation is due 
to a series of rhythmic contraction-relaxation cycles 
performed by the activity of contractile proteins 
comparable to those of muscle. Locomotion results 
from a combination of two discrete components. 
(1) Two-dimensional waves initiated proximally in 
the region of the basal corpuscle are self-propagated 
distally. All or some of the nine peripheral fibrils 
respond, but the fibrils of maximum effective bending 
(for example, Nos. 5 and 6; cf. Bradfield® ; Fawcett*) 
exert the most tension, or are stimulated most 
effectively, and establish the pattern of the bending 
wave. Each contraction wave is necessarily followed 
by a counterwave, out of phase, which passes down the 
other side of the axial bundle (for example, Nos. 1, 
2 and 9). The interaction and the perpetuation of 
these successive contraction-relaxation cycles, as well 
as the events of the single contraction—relaxation 
cycle itself, are inherent in the biochemical properties 
of the contractile elements and are at present only 
poorly understood. (2) Three-dimensional rotational 
waves are generated by the distal region of the tail 
and are due to the other ‘minor’ peripheral fibrils 
exerting their influence relative to that of the ‘major’ 
fibrils responsible for the two-dimensional oscillation 
more proximally. The conversion of the two-dimen- 
sional bending couple to the three-dimensional 
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spiralization is brought about by the spread or 
diffusion of the contraction stimulus through the 
cytoplasmic ‘matrix’ and would be facilitated, and 
possibly directed*, by sub-fibrillar connexions if they 
should be shown to exist. The point that bears 
emphasis, however, is the suggestion that the same 
propagated disturbance may result in a two-dimen- 
sional vibration proximally and a three-dimensional 
spiral distally. In this respect, a torsional wave 


always accompanies the bending wave. Any decrease 
in the resistance or compressibility of the distal region 
of the tail would tend to increase the three-dimensional 
lashing of that portion of the flagellum. 
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Prof. Lewis Knudson 


Tue death occurred on August 31 of Prof. Lewis 
Knudson, emeritus professor of botany in Cornell 
University, Ithaca, New York. Thus ended an 
association with the New York State College of 
Agriculture at Cornell University which was in its 
fifty-first year. 

Prof. Knudson was widely known for his work on 
the aseptic culture of orchid embryos, and his death 
will be regretted by botanists and plant physiologists 
around the world. Since his retirement from active 
teaching and administrative duties in 1952, at the 
age of sixty-eight, Prof. Knudson had retained his 
interest in his research, and, until a very short time 
before his death at the age of seventy-three, he daily 
visited the office and laboratory in which he con- 
tinued to work. He is survived by his wife, two sons 
and several grandchildren. 

The career of Prof. Knudson spans the history of 
plant physiology in the College of Agriculture at 
Cornell University, for in 1908 he came from the 
University of Missouri to work with Prof. Duggar 
in the then newly established Department of Plant 
Physiology. Dr. Knudson was to pass his entire and 
long career at Cornell University, from 1911 when he 
was awarded the Ph.D. degree, to 1916 when he 
became professor of botany in the newly constituted 
Department of Botany under Prof. K. M. Wiegand, 
to 1941 when he assumed the role of administrative 
head of the Department on the death of Prof. Wiegand, 
and until his retirement in 1952. 

During 1919-21 Dr. Knudson spent a year in 
France, carrying out work at the Sorbonne, attending 
lectures at the Pasteur Institute, and he also gave 
lectures in Madrid and Barcelona. His interest in the 
problems of tropical agriculture took him many times 
tc the countries of Central America. 

The effect of the early formative years with Prof. 
Duggar was long evident and often referred to by 
Dr. Knudson, even in his later years. An early 
interest in fungi and in aseptic techniques permeated 
Prof. Knudson’s pioneer work on the growth of 
whole plants under aseptic conditions, which in turn 
made feasible his early studies of their organic 
nutrition and the availability of various carbo- 
hydrates| for growth. It also permeated his early 
influence on the growth of excised roots, his work 
on nitrogen fixation and the nodule-forming organ- 
isms, his studies on the germination and nutrition of 
orchid embryos, and his well-known investigations 
on mycorrhiza and the aseptic growth of plants which 





were previously regarded as essentially requiring the 
mycorrhizal fungus. Prof. Knudson’s uses of both 
orchid embryos and Chlorella to study the facts of 
mineral nutrition are well known. This dominating 
interest in the use of aseptic culture methods in the 
study of plant physiological problems, or to study 
means of suppressing the growth of fungi as pathogens, 
survived to his death, for in this area of work his 
advice was continually being sought by industry. 
Although tissue culture procedures are now common- 
place, and the use of uni-algal cultures is frequent in 
many types of physiological work, one has to recall 
that Prof. Knudson was among the earliest pioneers 
in the adoption of these methods. Less widely known, 
but still noteworthy, was Prof. Knudson’s interest 
in the effects of radiation on chloroplast morphology 
in ferns. 

Another salient characteristic of Prof. Knudson’s 
work and interest was that he was always challenged 
by the research opportunities inherent in situations 
fraught with economic consequences. Among his 
earliest work was an investigation of fermentation 
processes in the difficult area of tannins; he was 
challenged by, and often referred to, the commercial 
production of vanilla ; and even up to his death he was 
working upon a summarized account of the Panama 
disease of the Gros Michel banana in Central America, a 
problem to which he had devoted many years. Often 
far ahead of his time, many of Prof. Knudson’s 
works paved the way so that later researches, made 
after knowledge and technique had advanced, 
flourished in areas that he had pioneered. 

Perhaps best known for his work on the germination 
and growth of orchids, Dr. Knudson had a wide 
circle of correspondents. He advised many growers 
in his aseptic culture methods of raising embryos to 
whole plants. One correspondent, not known to him 
personally, touched him deeply in his later years 
when he acknowledged his work on orchids by 
sending an exact replica of an orchid flower set in 
silver. In 1956, the Federated Garden Clubs of New 
York State awarded to Dr. Knudson their Gold 
Medal, which had previously been awarded only to 
the distinguished botanist and horticulturalist and 
Dean of the College of Agriculture, Liberty Hyde 
Bailey. 

Prof. Knudson’s many friends and students, and 
those in science and industry who knew of his work, 
will deeply regret the termination of his long career 
as botanist and especially plant physiologist. 

F. C. STEwARD 
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Royal Scottish Museum : Dr. A. C. Stephen 


Dr. A. C. STEPHEN, who is retiring from the post 
of keeper of the Department of Natural History 
in the Royal Scottish Museum, Edinburgh, was 
educated at the Edinburgh Institution (Melville 
College), Robert Gordon’s College and the Univer- 
sity of Aberdeen. He interrupted his studies to 
serve with the Royal Engineers in France and 
Belgium. For the last year of the First World 
War he worked as an assistant in the Department of 
Chemistry, Royal College of Science, London, on 
new poison gases and other problems. Returning 
to Aberdeen, he graduated with distinction in 
zoology, and for the next year acted as an assistant 
in the Chemistry Department, North of Scotland 
Agricultural College, Aberdeen. In 1920 he joined 
the scientific staff of the then Fishery Board for 
Scotland. Spending much time at sea, where during 
intervals in general duties he carried on a quantitative 
investigation of the bottom fauna of the North Sea 
with the newly designed Peterson grab, he later 
extended the survey to the sandy and muddy inter- 
tidal areas, investigating numerous portions of the 
Scottish coast. In 1925 he joined the staff of the 
Natural History Department of the Royal Scottish 
Museum, as assistant. He was appointed assistant- 
keeper in 1934 and keeper in 1935. He graduated 
D.Se. in 1934. Besides papers on the intertidal and 
offshore surveys, he has published accounts of the 
turtles, cephalopods and Gephyrea of Scottish waters. 
He has also published accounts of the Gephyrea from 
many parts of the world, being a recognized authority 
on this group. As keeper, his principal task has been 
the care of the collections during the Second World 
War and the rehabilitation of the Department after 
the War. For a period he was also in charge of the 
Geology Department. Apart from his work in the 
Museum, he has taken part in outside scientific 
activities. He has been twice president of the Astro- 
nomical Society of Edinburgh, secretary and president 
of the Royal Physical Society of Edinburgh, a 
member of several councils and committees. During 
1935-39 he was editor of the Scottish Naturalist. He 
also acted for a period as an examiner for the Museums 
Diploma. 


Mr. A. R. Waterston, O.B.E. 


Mr. A. RopGEeR WATERSTON, who is to succeed 
Dr. Stephen as keeper of the Department of Natural 
History in the Royal Scottish Museum, was educated 
at St. Paul’s School, London, and the University of 
Edinburgh, where he graduated in June 1934 with 
first-class honours in zoology. He was awarded the 
Sir David Baxter scholarship in natural science and 
joined the staff of the Royal Scottish Museum as 
assistant keeper in the Department of Natural 
History in September 1935. On the outbreak of the 
Second World War he was seconded to the Ministry 
of War Transport and was District Transport Officer 
for Clydeside until 1942. After a year’s service in 
the Royal Scots, he was transferred to the Middle 
East Supply Centre, Cairo, as locust officer in the 
Middle East Anti-Locust Unit, and took charge of 
the Palestine Anti-Locust Unit in Saudi Arabia. 
During 1945-46 he paid two visits to the Yemen to 
establish friendly relations and to introduce modern 
anti-locust campaigns there. He became chief locust 
officer of the Middle East Anti-Locust Unit in 1947, 
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and from then until 1952 he was entomological 
adviser to the British Middle East Office and attaché 
for scientific affairs at the British Embassy, Cairo. 
His work was largely concerned with the building up 
of international technical co-operation and co- 
ordination of desert locust control work between 
the countries of the Middle East, Africa and India. 
He was made O.B.E. in 1952 in recognition of his 
contribution to anti-locust work in the international 
field. He resumed duties in the Department of 
Natural History at the Royal Scottish Museum in 
the autumn of 1952 and has since been engaged in 
the reorganization of the insect collections. 


Royal Society : Officers 


Ar the anniversary meeting of the Royal Society 
on December 1, Sir Cyril Hinshelwood was re-elected 
president. The other officers re-elected for the 
ensuing year were: Treasurer, Sir William Penney, 
director of the Atomic Weapons Research Establish- 
ment, Aldermaston ; Biological Secretary, Sir Lindor 
Brown, Jodrell professor of physiology at University 
College, London ; Physical Secretary, Prof. W. V. D. 
Hodge, Lowndean professor of astronomy and geo- 
metry in the University of Cambridge ; and Foreign 
Secretary, Dr. H. G. Thornton, lately head of the 
Department of Soil Microbiology at Rothamsted 
Experimental Station. Other members of Council 
elected were: Dr. G. E. R. Deacon, director of the 
National Institute of Oceanography, Wormley ; Sir 
Charles Dodds, Courtauld professor of biochemistry, 
University of London; Prof. G. Gee, Sir Samuel 
Hall professor of chemistry, University of Man- 
chester; Dr. H. Godwin, reader in Quaternary 
research, University of Cambridge ; Prof. L. Hawkes, 
emeritus professor of geology, Bedford College, 
University of London; Prof. R. D. Haworth, Firth 
professor of chemistry, University of Sheffield; Sir 
Christopher Hinton, chairman of the Central Elec- 
tricity Generating Board; Prof. A. L. Hodgkin, 
Royal Society research professor ; Prof. N. Kemmer, 
Tait professor of natural philosophy, University of 
Edinburgh ; Prof. M. J. Lighthill, Beyer professor of 
applied mathematics, University of Manchester ; 
Prof. D. M. Newitt, Courtauld professor of chemical 
engineering, Imperial College of Science and Tech- 
nology ; Prof. G. Pontecorvo, professor of genetics, 
University of Glasgow; Prof. R. J. Pumphrey, 
Derby professor of zoology, University of Liverpool ; 
Prof. H. W. B. Skinner, Lyon Jones professor of 
physics, University of Liverpool; Prof. Wilson 
Smith, professor of bacteriology, University College 
Hospital Medical School, University of London ; 
Prof. J. Z. Young, professor of anatomy, University 
College, London. 


Royal Society and Nuffield Foundation Common- 
wealth Bursaries 


Awarps under the Royal Society and Nuffield 
Foundation Commonwealth Bursaries scheme have 
been made as follows: Dr. I. R. C. Bick, senior 
lecturer in organic chemistry, University of Tas- 
mania, to assist him to visit Cambridge, during June 
1959-March 1960, in order to study the latest 
developments and research techniques in natural 
products organic chemistry ; Mr. E. H. Davis, senior 
lecturer in civil engineering, University of Sydney, 
to enable him to study the stress — strain properties 
of the soil matrix, and the application of the theory 
of plasticity to soil, at Watford and the Imperial 
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College of Science and Technology, London, 
during February-December 1959; Dr. P. R. Davis, 
lecturer in anatomy, Royal Free Hospital School of 
Medicine, London, to enable him to extend his 
studies of African human skeletal material at Khar- 
toum, Ibadan and Makerere, to study fossil primate 
material at Nairobi and to visit fossiliferous sites, for 
six months from February 1959 ; Prof. C. M. Donald, 
professor of agriculture in the Waite Agricultural 
Research Institute, University of Adelaide, to enable 
him to study recent advances and techniques in 
agronomic research at Hurley and elsewhere in the 
United Kingdom, for three months from April 1959 ; 
Prof. P. C. Dutta, professor of organic chemistry, 
Indian Association for the Cultivation of Science, 
Jadavpur, to enable him to gain experience in the 
field of alicyclic compounds related to terpenoids, at 
the Imperial College of Science and Technology, 
London, and Oxford, for about ten months from 
May 1959; Dr. A. Iggo, lecturer in physiology, 
University of Edinburgh, to enable him to gain 
experience of techniques for the analysis of spinal 
cord activity and to apply these in further investi- 
gation of the nature of rhythmic nervous activity in 
mammals, at Canberra, for about five months from 
July 1959; Dr. L. N. D. Lucas, senior lecturer in 
physics, University of Western Australia, to enable 
him to gain experience in the use of electron micro- 
scopy to study the microstructure of solids, at 
several centres in the United Kingdom, for about ten 
months from March 1959; Mr. I. L. Mason, of the 
Agricultural Research Council Unit of Animal 
Genetics, Edinburgh, to enable him to visit Aus- 
tralia and New Zealand for about ten months in 
1959, in order to study animal breeding research 
there, particularly on beef cattle under tropical and 
sub-tropical conditions ; Dr. Jean M. Tyler, Imperial 
Chemical Industries Research Fellow, Department of 
Chemistry, University of Edinburgh, to enable her to 
carry out structural investigations on West Indian 
natural products at Kingston, Jamaica, for a year 
from April 1959; Dr. J. M. Vincent, associate pro- 
fessor of agricultural microbiology, University of 
Sydney, to enable him to continue his studies of the 
root-nodule bacteria at Rothamsted, for about eight 
months during 1959. 


The New Humanism of Science 

Is science a triumphal march or a stumbling 
shuffle from one intellectual expedient to another ? 
Mr. Frank Greenaway thinks the latter, and in the 
Universities Quarterly (12, 130, 228, and 13, 24; 
1957-8) compares the modern scientist to a caterpillar 
tractor, perpetually pulling up his support behind 
him as he goes. The pseudo-literature of experi- 
mental reports exfoliating every week hides the real 
understanding of science, precludes ‘eaves dropping’ 
by other educated men and drives fissures into our 
intellectual society. “It is a curious thing,” he 
writes, “that while most intellectual people are well 
aware of a sense of tradition in the things they 
respect as the basis of their culture, they have very 
little idea of any tradition in science.’’ As he points 
out, Copernicus, Agricola and Vesalius published 
their principal works before Shakespeare was born ; 
most music is younger than modern chemistry, and 
most plays than the discovery of the electron. Going 
beyond the “New Humanism” of the late George 
Sarton, Mr. Greenaway remarks that the scientist 
has been served by fewer and less able biographers 
than any of his class of creetive thinker, and suggests 
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that there is a great field open to writers to rescue 
the life of science by rescuing the lives of the scientists 
and so enable their successors to see science appre- 
hended as a unity. 

Mr. Greenaway’s closely argued, cogent plea for 
the restoration of the traditional element in modern 
conceptual thinking about science presents it as 
“one of the keys to the new understanding of science 
which we need”. He looks across the fissure to the 
arts, where the direct relation between the pro- 
fessional creator and amateur assessor continues. 
He looks ahead to the time when a good scientist 
will take the trouble to ensure that his paper will 
survive. Mr. Greenaway mentions Acton ; yet might 
also have included A. L. Rowse, who, though he 
wrote “I am not merely uninterested, I am positively 
anti-scientist. I regard it as essentially a specialist 
activity for people to take to after they have been 
educated”’, and could yet say “still, if I had been 
told something of the fascinating story of mathe- 
matics and the men of genius who built up their 
body of knowledge it would have been quite different”. 
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Bernice P. Bishop Museum, Honolu'u 


THE annual report of the Bernice P. Bishop 
Museum for 1957, entitled “Concept of the Pacific” 
(pp. iv+31. Honolulu, Hawaii: Bernice P. Bishop 
Museum, 1958), follows, as usual, a rather unorthodox 
pattern. The Pacific has for long been one of the 
world’s major regions of investigation, and it is 
rightly emphasized that this immense area of ocean, 
islands and continental margins has a great degree 
of unity. The report indicates the manner in which 
the Museum has taken part in research work in the 
Pacific area, exhibited displays on present and past 
activities in the region, and makes the interpretation 
of a knowledge of the Pacific to the public at large 
its major objective. The chief effort of the year was 
the installation of exhibits in the Hall of Pacific Life, 
which is intended to provide a background of the 
physical geography and natural history of the 
area. 


Engineering Materials and Design 


THE present era with its ever-increasing rate of 
advancement in all fields of technology has brought 
forth many demands for new and better materials 
and also a great yield of new materials. These two 
factors are inter-related, but lack of an up-to-date 
information service has been a serious drawback for 
the majority of engineering designers. The object of 
Engineering Materials and Design (1, No. 1; October 
1958. Pp. 58. Published monthly. Annual sub- 
scription 35s.; 5.25 dollars. Single copies 2s. 6d. 
London : Heywood and Co., Ltd., 1958) is to bring 
to engineering designers information of new design 
and material developments in all branches of engin- 
eering. This information will be presented in articles, 
reports and data sheets prepared by authors with 
first-hand experience. The first issue contains a 
selection of articles on widely differing topics ranging 
from uses of titanium and new developments in 
polyethylene to the selection of fractional horse- 
power motors and the organization of a modern 
drawing office. The data sheets included in this 
number are concerned with molybdenum, poly- 
styrene and new sandwich-material applications. 
The layout is clear and in contemporary style. If 
the present standard is maintained, the periodical 
will succeed in its object. 
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Aeroelasticity Surveyed 

Tue second Lanchester Memorial Lecture, given 
on November 20 before the Royal Aeronautical 
Society by Prof. A. R. Collar, of the University of 
Bristol, was entitled ‘“‘Aeroelasticity—Retrospect and 
Prospect’. Prof. Collar began with a historical 
survey, mentioning the investigation of flutter made 
by Lanchester in 1916 before turning to the pioneer 
work of Duncan and Frazer, who published a paper 
on ‘The Flutter of Aeroplane Wings’”’ (1928), which 
is still a standard reference. . Problems of flutter, 
wing and tailplane divergence, fuselage bending and 
control reversal multiplied with the advent of the 
monoplane and during the intense development 
period of the Second World War. Prof. Collar 
reiterated his earlier suggestion that by treating the 
dynamics of a deformable aircraft, all aeroelastic 
problems could be solved, and added the ray of 
hope that electronic computers may soon be able to 
turn a theoretical possibility into a practical reality. 
He thought that the important recent developments 
of flight simulators, ground resonance tests and 
elastic wind-tunnel models, together with greatly 
increased industrial interest in aeroelastic problems, 
would ensure fewer accidents in the future. Prof. 
Collar stressed the need for a better understanding 
of the effects of damping, which should suppress but 
often only aggravates flutter. He also wanted to see 
better methods for estimating air forces. The future 
problems of very high-speed flight will present 
kinetic heating effects liable to distort the slender 
wing sections to a degree not previously experienced. 
A powerful analytical treatment will be needed. 


Tokyo Observatory Polar Tube 

Tue determination of the position of the celestial 
pole is of interest in connexion with the construction 
of star catalogues, the measurement of the precise 
values of the astronomical constants of precession, 
nutation and aberration and the movement of the 
pole due to geophysical disturbances. The meridian 
circle has been employed in the past for this kind of 
work, but the installation of a fixed telescope pointing 
to the pole has certain advantages, including the use 
of the same star-field at each observation and the 
simplified structure leading to less complicated 
instrumental errors. This idea was first put into 
practice at the Poulkovo Observatory near Lenin- 
grad, and a similar telescope, which they named a 
polar tube, has been constructed at the Tokyo 
Observatory by N. Sekiguchi and J. Matsumoto 
(Annals Tokyo Astro. Obs., 5, 131; 1957; Pub. 
Astro. Soc. Japan, 9, 116; 1957). The objective of 
diameter 20 em. has a focal length of 269 em. The 
photographie plate is rotated about the optical axis 
at the sidereal rate so that stars are photographed as 
point images. An almost plane-parallel glass plate 
in front of the objective has at its centre a small 
aluminized reflecting surface, inclined to the plate at 
such an angle as to cause light from the optical axis 
of the polar tube to be reflected vertically downwards 
into a mercury basin. A pencil of light is led into the 
tube. Some is reflected from the glass plate to form 
an image on the photographic plate. Some is reflected 
from the reflector, mercury and reflector again and 
forms a second image, shifted slightly from the first 
image. Changes of position of the two images give 
information on the motion of the plate relative to 
the objective. The plate is exposed twice, for about 
five minutes on each occasion, at an interval of five 
or six hours. Ten tenth-magnitude stars are used. 
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The common point of the two star-fields photo- 
graphed is, after certain corrections have been 
applied, the position of the celestial pole at that 
date. Preliminary observations suggest a probable 
error of 0-3 second of arc for one observation. 


Transformation Characteristics of Direct-hardening 

Nickel Alloy Steels 

A MoNoGRAPH entitled ‘Transformation Charac- 
teristics of Direct Hardening Nickel Alloy Steels”, 
recently issued by the Mond Nickel Co., Ltd. (pp. 91. 
London, 1958), is a revised and enlarged edition of 
the “Atlas of Isothermal Transformation Diagrams 
of Nickel Steels” previously published. The informa- 
tion contained in the sixty pages of text and twenty- 
five pages of diagrams is excellently presented, and 
the bibliography of eighty-six references adds further 
to the utility of this little book. In addition to the 
isothermal diagrams and data on end-quench harden- 
ability previously reproduced, the revised publication 
incorporates supplementary information in the form 
of continuous-cooling transformation diagrams. This 
is of value, since the difficulty of applying isothermal 
data to practical heat-treatments lies in the fact that 
it is not possible to assess reliably from isothermal 
diagrams the extent and type of transformations 
which may occur during continuous cooling. The 
diagrams shown are for sections from 1 in. to 6 in. 
in diameter, quenched in oil. Both smaller and much 
larger sections are of course used, and other cooling 
media, but this information will probably prove the 
most generally useful to the engineer in the treatment 
and application of steels containing nickel. 


Charles Leopold Meyer Award for 1958 

THE Société de Chimie Biologique has awarded the 
Charles Leopold Meyer Award for 1958 jointly to 
Dr. Francois Gros of the Institut Pasteur, Paris, and 
to Prof. Jean Turchini, of the faculty of medicine, 
Montpellier. This annual award of 500,000 frances 
is made for research on the nucleic acids. Dr. Gros 
has worked on the mechanism of action of various 
antibiotics on bacteria ; in particular he has studied 
how antibiotics modify the degradation and re- 
constitution of the nucleic acids in the cell. Prof. 
Turchini has conducted a number of investigations 
over a period of years, partly in collaboration with 
Prof. P. Castel and Dr. K. van Kien, using specific 
staining techniques to localize certain nucleic acids 
within the cell and to follow their evolution under the 
microscope. 


Paul Instrument Fund Awards 

Awarps of grants by the Paul Instrument Fund 
Committee have been made as follows: £3,835 to 
Prof. A. L. Cullen, professor of electrical engineering 
in the University of Sheffield, for the construction of 
a detector in which radiation pressure is used to 
convert a microwave signal to an audio or inter- 
mediate frequency ; £545 to Dr. R. Feinberg, of the 
Department of Electrical Engineering, Manchester 
College of Science and Technology, for the construc- 
tion of an instrument for measuring the intensity of 
soft X-radiation generated in experimental high- 
voltage valves; and £1,000 to Mr. R. M. Sillitto, 
lecturer in natural philosophy, University of Edin- 
burgh, for the development of a thirty-channel 
pulse-height analyser, using transistors in place of 
thermionic valves. 

The Paul Instrument Fund Committee, composed 
of representatives of the Royal Society, the Physical 
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Society, the Institute of Physics and the Institution 
of Electrical Engineers, was set up in 1945 “to 
receive applications from British subjects who are 
research workers in Great Britain for grants for the 
design, construction and maintenance of novel, 
unusual or much improved types of physical instru- 
ments and apparatus for investigations in pure or 
applied physical science”. 


Simon Memorial Prize 


In memory of the late Sir Francis Simon, the Low 
Temperature Group of the Physical Society has 
decided to institute a prize to be known as the Simon 
Memorial Prize, to be awarded for distinguished work 
in experimental or theoretical low-temperature 
physics. An appeal for financial support has been 
made to several industrial firms, and their generous 
support has already ensured the success of the 
scheme. However, it is believed that many other 
organizations and individuals will wish to make small 
contributions so that the memorial is truly repre- 
sentative of the many who have known and benefited 
from the life and work of the founder of the Group. 
The fund will therefore remain open until the annual 
general meeting of the Group on January 15, and 
contributions should be sent to the Chairman or 
Hon. Secretary before that date, addressed to the 
Low Temperature Group, Physical Society, 1 Lowther 
Gardens, Prince Consort Road, South Kensington, 
London, 8.W.7. 


University News : Glasgow 


TuE U.S. National Institutes of Health have pro- 
vided a grant of 45,000 dollars for one year, renew- 
able at the rate of 27,000 dollars for each of four 
successive years, for the expansion of research on 
human genetics in the Department of Genetics. This 
has made possible the planning of a concerted attack 
on the problem of whether genetic analysis in man, 
and slow-breeding animals and plants, can be based 
on mitotic segregation in somatic cells. Investigation 
of this problem, under Prof. G. Pontecorvo, requires 
initially the combination of research workers with a 
variety of skills—for example, protein chemists, 
immunologists, virologists. For this reason, the grant 
provides not only for equipment, but also for adequate 
visiting fellowships, which will permit senior workers 
to join the team for suitable periods. With the 
installation of the English Electric DEUCE computer 
at the beginning of this session, the Computing 
Laboratory has now been established under the 
direction of Dr. D. C. Gilles; and additional staff, 
including D. C. Williams as lecturer, has been 
appointed. Arrangements are being made for a 
formal opening of the Department in the New Year. 
The new engineering building at the eastern extremity 
of the University site is now occupied. A. F. Munro 
has been appointed senior lecturer in veterinary 
physiology, and C. G. Elliot, Matthew Holmes and 
Ian 8. Hughes have been appointed to lectureships 
in agricultural botany, physiology and natural 
philosophy, respectively. For the present session, 
372 new students (284 men and 88 women) have 
been admitted to the science departments, compared 
with 351 in 1957. The total of matriculated students 
in the University as a whole now stands at 6,330. 


Qualifications in Mathematics 


TuE Council of the Mathematical Association has 
set up a sub-committee to consider and report upon 
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the proposal that the Association should establish 
an examination machinery in mathematics. The 
underlying principle is that there are many teachers 
who would wish to improve their academic quali- 
fications but who have neither the time nor the 
facility to read for an external degree. It is thought 
that a diploma of efficiency in either or both pure 
and applied mathematics to the standard of the old 
ordinary degree might be of vaiue to these men and 
women and, at the same time, a reward for further 
study. 


Announcements 

Pror. A. Satam, professor of applied mathematics 
in the Imperial College of Science and Technology, 
London, has been awarded the Hopkins Prize of the 
Cambridge Philosophical Society for his contribution 
to the theory of non-conservation of parity in physics. 
The Prize has been awarded every three years since 
1867 for work in mathematical—physical or related 
fields. The present award relates to the period 
1955-57, and is of the value of £80. 


Tue Transactions of the fourth International 
Congress on Biochemistry, held in Vienna during 
September 1958, representing all the symposia, 
colloquia and discussions, will be published in four- 
teen volumes by the Pergamon Press. These will 
appear early in 1959. 


Tue British Institution of Radio Engineers 
announces the formation of a Medical Electronics 
Group. This is in accordance with the policy of the 
Council to establish specialist groups to foster the 
general dissemination of information in the specialized 
fields of radio and electronic engineering. The chair- 
man of the Group Committee is Mr. W. J. Perkins. 
There will be five meetings of the Group during the 
current session. The inaugural meeting will be on 
January 23, when Prof. A. V. Hill, emeritus professor 
of physiology in University College, London, will give 
an address. 


THE Department of Extra-Mural Studies of the 
University of London and the Association of Agri- 
culture are holding a course of ten weekly lectures 
on “Britain’s Food Supplies”. The lectures will be 
given weekly at 6.30 p.m., starting on January 14 
at the British Institute of Recorded Sound, 38 Russell 
Square, London, W.C.1. 


Aw International Colloquium on Communication 
and Language is being organized by the Faculty 
of Medicine of the University of Paris, with the 
collaboration of the professor of otorhinolaryngology, 
the Société Francaise de Phoniatrie, the Laboratory 
of Physiological Acoustics and the professor of 
neuro-physiology in the Collége de France. It will 
be held at the Faculty of Medicine, 45 rue des Saints- 
Péres, Paris 6°, during January 22-25, 1959. Com- 
munication and language will be discussed from the 
point of view of information theory, and the pro- 
gramme will deal with the following aspects of the 
subject : mathematical and philosophical, physical, 
physiological, pathological, psychological, statistical. 
Further information can be obtained from Dr. B. 
Vallancien, 16 rue Spontini, Paris 16¢. 


Erratum. In the communication entitled “‘Alary 
Polymorphism in the Gerroidea (Hemiptera Hetero- 
ptera)”, by Dr. R. O. Brinkhurst, in Nature of 
November 22, p. 1461, par. 3, line 11, for “grow” 
read “row’’. 
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HE first symposium on space medicine to be held 

in Great Britain was held at B.M.A. House, 
London, on October 16 and 17. The symposium was 
organized by the British Interplanetary Society, and 
coincided with the twenty-fifth anniversary of its 
foundation. The symposium was arranged to discuss 
the reactions of man to the conditions that will be 
encountered in space and on other planets, and of 
the equipment that will be required for survival in 
these hostile environments. Those taking part were 
research workers in physiology, psychology and 
human engineering ; and the term ‘space medicine’ 
embraces the application of these sciences to extra- 
terrestrial environments. 

It is certain that man will travel into space within 
a few years. His first venture will probably be in 
orbit, close to the Earth, and lasting a few hours. 
His second venture will be to the Moon, and his third 
to one of the planets. Voyages beyond our own solar 
system are difficult to comprehend, but should not 
be dismissed too lightly. ; 

The reason for man travelling into space is a con- 
troversial subject. Some contend that he merely 
adds to the complexity of the space vehicle ; others 
that he will earn his keep by taking decisions, par- 
ticularly in the event of an unforseen emergency. 
The fact remains, however, that he will go, and that 
he will be faced with many of the problems discussed 
at the symposium. 

The chairman of the British Interplanetary Society, 
Dr. L. R. Shepherd, opened the conference with a 
brief review of the major problems facing man in 
space, seen from the point of view of a physicist. 
Over the course of two days, fourteen papers were 
delivered, and covered fairly well the salient problems 
of space medicine. 

The major physiological difference between travel 
in a space vehicle and some Earth-bound vehicle such 
as.a submarine is the absence of the gravitational 
force. Dr. M. P. Lansberg, of the National Aero- 
medical Centre in Holland, discussed in his paper 
some consequences of weightlessness. In the absence 
of gravitational clues to position, some disorientation 
may occur, and motor activities will have to be 
re-learned. Complete immersion in water produces 
some of the characteristics of weightlessness, and a 
true state of free fall can be produced for periods of 
about half a minute by parabolic flight in an aircraft. 
It would be unwise to extrapolate from such flights 
to the condition of prolonged weightlessness because 
of the stresses which precede the parabolic flight and 
because of its short duration. Von Braun has pro- 
posed that the space vehicle should rotate, providing 
artificial weight for the occupants at its periphery. 
There are serious disadvantages to this system. 
Changes in weight would be experienced after moving 
closer to the centre of rotation and also when walking 
in the direction of rotation, or in the opposite direc- 
tion, at @ constant distance from the centre of rotation. 
Perhaps more serious, movement of the head would 
cause tilting and turning sensations, with their 
appropriate reactions, in the wrong planes. This is 
due to rotation of the semi-circular canals of the ear 
while under the influence of a centrifugal rather than 
a gravitational force. 
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Some disorientation would seem to be inevitable. 
Sqn. Ldr. T. C. D. Whiteside, of the R.A.F. Institute 
of Aviation Medicine at Farnborough, emphasized 
the importance of the oculogravic and oculogyric 
reflexes, and issued a warning on the possible 
seriousness of motion sickness. 

Fit. Lt. J. C. Guignard, of the R.A.F. Institute of 
Aviation Medicine, considered that accelerations at 
multiples of g, lasting for several minutes, to which the 
astronaut will be exposed during a rocket take-off, are 
probably acceptable for a man aligned in the correct 
position. He concentrated on the physiological effects 
of transient mechanical forces. Noise and vibration 
levels are high in large rocket vehicles under power, 
and, during re-entry at orbital velocities, buffeting of 
a space vehicle would be poorly damped at the fringe 
of the atmosphere, and might induce vibrations and 
oscillatory flight patterns of sufficient intensity to 
prohibit the crew from controlling the descent. In 
space, there will be no damping, and any vibration 
must be absorbed by the vehicle and its occupants. 
Structure-borne oscillations at frequencies below 
100 c./s. are a potential cause of discomfort, fatigue 
and impaired performance; and _ low-frequency 
shaking, below 10 c./s. is a serious nuisance and is 
difficult to isolate. Flt. Lt. Guignard doubted whether 
man would float about in an orbital space-suit con- 
structing a satellite from its component parts. If he 
did, the suit or capsule would have to be a massive 
affair incorporating gyroscopic stabilization to prevent 
undamped spin or tumble (which might be fatal), and 
whole-body harness and anti-shock packaging to save 
him from impact injuries in a collision. 

Dr. H. Bjurstedt, of the Laboratory of Aviation 
and Naval Medicine at Stockholm, described the 
results of subjecting anesthetized dogs to prolonged 
g forces in the head-to-tail direction. He found 
hypoxzmia in spite of the fact that the animals were 
hyperventilating and breathing 100 per cent oxygen, 
and attributed this to disturbances of ventilation 
and perfusion in the lungs. It was not clear why 
there was present, also, a marked alkalosis. 

Dr. C. J. Clemedson, of the Research Institute for 
National Defence in Stockholm, considered the 
relationship between his studies on blast injury in 
animals and the problem of explosive decompression 
in @ space vehicle. 

Commander G. W. Hoover led a team from the 
U.S. Office of Naval Research. He delivered a paper 
on the man-machine system in space vehicles. This 
consisted, in essence, of proposals for an integrated 
approach by all concerned to the problem of finding 
out under what conditions a man works most happily 
and efficiently in a closed vehicle. These conditions 
would then be specified for the space vehicle. 

The American delegation was emphatic in demand- 
ing a cabin environment which did not subject the 
crew to any unnecessary physiological or psycho- 
logical strain. Dr. G. Pugh, of the Medical Research 
Council, was also in favour of a comfortable environ- 
ment, but pointed out that, as in the case of explorers 
of the past, the demand for reduction in weight and 
complexity might necessitate exploitation of man’s 
capacity to adapt himself to a wide range of environ- 
mental stresses. He discussed the possibility of 
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reducing metabolic rate and of breathing oxygen at 
low partial pressures to save weight in food and 
oxygen. Dr. Pugh also made the important point 
that while lack of preparation had been the undoing 
of many previous explorations, the ultimate test of 
performance is in the real situation. 

Fit. Lt. J. Billingham, of the R.A.F. Institute of 
Aviation Medicine, examined the problems of heat 
exchange between man and the sealed cabin, and 
proposed a specification for environmental conditions 
during interplanetary flight. He also presented a 
paper on heat exchange between man, his pressure 
suit and the environment on the surface of the 
Moon. 

Dr. K. F. Jackson, of the R.A.F. Institute of 
Aviation Medicine, read a paper on the impairment 
of human performance in control. He presented the 
results of an investigation into the factors affecting 
performance of the crews of long-range reconnaissance 
aircraft, with particular reference to fatigue. He 
also demonstrated a portable version of his multiple 
tracking test apparatus, which provides measure- 
ments of about ten different aspects of performance. 

Mr. C. Cunningham, from the Air Ministry, de- 
scribed the effects of sensory impoverishment, 
confinement and deprivation of sleep. If these are 
allowed to continue unchecked for a number of days, 
the result is changes in the personality and the 
intellect, often to a degree where logical thought and 
action become impossible. His evidence was obtained 
from experimental work, particularly that of Hebb, 
and from the experiences of former prisoners. There 
is no doubt that these factors will be of paramount 
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importance in space travel, especially in the case of 
journeys lasting for years. 

Dr. A. 8. Parkes and Dr. Audrey V. Smith, of the 
National Institute for Medical Research, directed 
attention in their paper on the transport in space of 
life in the dried or frozen state to the considerable 
economy of carrying some of the crew of a space 
vehicle in a state of suspended animation. They 
considered, however, that the possibility of freezing 
man was remote. On the other hand, there should 
be less difficulty in landing spores and seeds on 
another planet. 

Mr.S. W. F. Hanson, of the Ministry of Agriculture, 
discussed the very practical problems of feeding 
during travel in space, and the difficulties in the 
maintenance of a biciogical cycle, including plants, 
for journeys of long duration. 

The final speaker was Dr. A. E. Slater, of the 
British Interplanetary Society, who must take credit 
for the organization of the symposium. He discussed 
the hazards to man of the radiation belt revealed by 
the Hxplorer satellites. A region of intense radiation 
exists between latitudes 30° N. and 30° S. of the 
magnetic equator. Singer attributed this belt to 
protons captured in the Earth’s magnetic field, and 
his theory has received considerable support from 
the information received from the American rocket 
Pioneer, which showed the radiation to be maximal 
at an altitude of 5,709 miles. Dr. Slater concluded 
on an optimistic note, describing a suggestion by 
Singer that the radiation belt could be mopped up 
in one year by a satellite some ten metres in diameter 
travelling in an appropriate orbit. J. BILLINGHAM 
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CHEMICAL PATHOLOGY OF THE NERVOUS SYSTEM 


HE subject of the third International Neuro- 

chemical Symposium, which was held in the 
University of Strasbourg during August 25-29, was 
“The Chemical Pathology of the Nervous System’’. 
Several facets of this ramifying topic were discussed 
by experts from a number of countries, and as those 
attending the Symposium were restricted to a com- 
paratively small number (130) there were often 
vigorous and satisfying discussions. As in previous 
similar symposia, the main subjects were sub- 
divided so that there could be reviews followed 
by short individual papers on related topics. 

A whole day was devoted to metabolic disorders, 
and the inborn errors of metabolism received detailed 
attention from Dr. G. A. Rose (London) and Dr. 
G. A. Jervis (New York). Dr. Rose described a new 
form of mental defect characterized by the excretion 
of arginosuccinic acid, and suggested that mental 
defect may, in fact, include a large group of metabolic 
diseases of which ‘arginosuccinuria’ is one, the bio- 
chemical lesion in this condition being the inability 
to split arginosuccinic acid into arginine and fumaric 
acid. 

In this section, too, there were interesting papers 
on phenylketonuria and Hartnup’s disease (Dr. R. 
Rodnight, London), and the subject of the cerebral 
lipideses was also discussed. In connexion with 
cerebral lipidoses, Dr. M. Lees (Boston) pointed out 
that analytical methods suitable for normal brain 
tissue may not necessarily be applicable to pathologi- 
cal material. It was obvious, too, that much more 


precise information on the chemical nature of brain 
gangliosides and sulphatides is desirable if rapid 
progress is to be made in this field. Dr. H. M. Sinclair 
(Oxford), reviewing the subject of metabolic disorders 
of nutritional origin, emphasized the wide variety 
of dietary substances necessary for the adequate 
maintenance of a ‘normal’ nervous system. 

Prof. J. M. Cumings (London), in a comprehensive 
review of the chemical pathology of copper, paid 
particular attention to the copper protein present in 
brain tissue and its possible significance. The chemi- 
cal nature of cerebrocuprein in normal brain and that 
obtained from the brain of individuals suffering from 
Wilson’s disease (hepatolenticular degeneration) was 
then discussed by Dr. H. Porter (Boston), who has 
found a significant difference in the chemical proper- 
ties and electrophoretic mobilities of the two proteins. 
Members of the Symposium found this an exciting 
new observation. 

The fact that a considerable number of biochemical 
investigations have been carried out on demyelination 
processes was reflected in a number of interesting 
papers on this topic. A review of demyelination in 
general was given by Dr. R. D. Adams (Boston), 
and a masterly and concise account of Wallerian 
degeneration by Prof. R. Rossiter (London, Canada) 
vividly demonstrated to the audience how precise 
chemical studies can be used to map a pathological 
process. Dr. E. Robins’s (St. Louis) studies on the 
biochemistry of chromatolysis in individual anterior 
horn cells after axonal section illustrated the signifi- 
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cance of analysis of individual cells in a heterogeneous 
system. The importance of developing new tech- 
niques in investigations of this kind cannot be over- 
emphasized. Dr. A. Lajtha (New York) presented 
isotopic evidence suggesting that protein synthesis 
occurs continuously in the nerve cell body and that 
there is a flow of protein down the axon. Nissl 
granules, which are apparently essential for protein 
synthesis, are absent from the axon. 

In a survey based largely on his own experimental 
observations, Dr. K. A. C. Elliot (Montreal) discussed 
the problem of swelling and shrinkage in nervous 
tissue. This was supplemented by Prof. E. W. 
Dempsey’s (St. Louis) account of electron micro- 
scopic studies on nervous tissue. He informed the 
audience that there is an interstitial space in brain 
tissue which is not negligible. The uptake of fluid into 
oligodendroglial cells is one way in which swelling 
can take place. 

Under the broad heading of ‘“The Chemistry of 
Convulsive States and Allied Disorders” there were 
a number of reports on the significance of y-amino- 
butyric acid, glutamic acid and glutamine in brain 
tissue. For some years the relatively high concen- 
tration of these three substances has aroused interest, 
and further investigations have now been stimulated 
by the finding that ‘Factor I’ activity is intrinsically 
associated with y-aminobutyric acid. Glutamic acid 
and y-aminobutyric acid appear to have opposite 
effects in brain tissue, and Dr. E. Roberts (Duarte) 
remarked that the relative levels of glutamic acid 
and y-aminobutyric acid may be determined by the 
intracellular pH. 

Prof. H. McIlwain (London) gave an interesting 
discourse on some of his more recent studies on the 
electrical stimulation of isolated brain tissue. He 
has found that the subcortical white matter gives a 
much better response to localized stimulation on the 
surface than does grey matter, suggesting that the 
response is transmitted through the white matter. 
In further experiments Prof. McIlwain has also 
succeeded, for the first time, in obtaining resting 
potentials from isolated white matter. 

The last two days of the meeting were devoted to 
the biochemistry of mental disease, in which a 
considerable amount of research is now being carried 
out. Dr. A. Pope (Waverley) impressed everyone 
with his account of the distribution of certain enzymes 
in various cellular layers of the isocortex of normal 
and psychotic subjects. Biopsy material from leuco- 
tomy operations was used, and the studies may well 
be unique in that, with the increasing use of tranquil- 
lizing drugs, the number of leucotomy operations is 
being rapidly reduced, cutting off the source of 
material. In the event, there did not appear to be 
any specific difference between the enzyme distribu- 
tion in normal and psychotic individuals so far as the 
isocortex is concerned. 

Dr. M. Reiss (New York) reviewed the importance 
of hormone studies in mental disease and the value 
of considering the human organism as a whole. Car- 
bohydrate metabolism in mental disease was reviewed 
by Dr. H. E. Himwich (Galesburg) with special 
reference to blood-sugar tolerance curves. Dr. 
Himwich also discussed whether or not the psychotic 
individual responds to biochemical stress in the same 
way that the normal does. The problem of glucose 
utilization by schizophrenics was discussed by Dr. 
M. D. Altschule (Waverley), who suggested a direct 
relationship between the mental state of the individual 
and the capacity to metabolize carbohydrate. Several 











members of the audience disagreed with this observa- 
tion. 

In a survey of the relationship between protein 
metabolism and mental disease, Dr. D. Richter 
(Cardiff) emphasized the great lack of basic know- 
ledge on the nature of the proteins of the central 
nervous system. No protein had been well character- 
ized to date, and until this was done progress would 
be slow, although some advances had been made by 
electrophoretic methods. It was obvious that the 
infinite possible variations in the structure of proteins 
could well be of significance in the nervous system, 
and different proteins appeared to exist in different 
parts of the brain. Dr. Richter also pointed out that 
in many mental disorders there was evidence of 
developmental failure which might be related to 
deficiencies in protein metabolism. For example, 
the mongol brain had an ‘unfinished’ appearance, 
while epileptic seizures might be considered to 
represent a persistence of embryonic convulsions. 
Furthermore, the fact that twenty-five per cent of 
all schizophrenic symptoms commenced in the period 
from 15 to 25 years of age, suggests a rela- 
tionship between the disease and maturation 
changes. 

If knowledge on brain protein metabolism is scanty, 
the same cannot be said for the metabolism of amines. 
A vast amount of research is now under way on the 
metabolism of amines and their pharmacological 
effects. Thus it is becoming hard to keep abreast 
of the large number of published studies on 5-hydroxy- 
tryptamine. In his review on the metabolism of 
amines in mental disease, Dr. E. A. Zeller (Chicago) 
stated that chromatograms of the amines present 
in the urines of normal subjects showed that more 
than thirty different amines could be detected. The 
urines of schizophrenics gave a different pattern ; 
but very few of the amines had been identified. 
Prof. H. Waelsch (New York) gave an account of 
some new results from his laboratory which showed 
that in vitro certain liver protein fractions can take 
up amines labelled with carbon-14 in covalent linkage, 
the amine displacing ammonia, probably from the 
e-amino group of lysine. The possibility that amines 
might form modified proteins in this way provoked 
a long discussion. Some fresh experiments on epi- 
nephrine metabolism were then presented by Dr. J. 
Axelrod (Bethesda), who stated that the formation of 
adrenochrome is a most unlikely step in epinephrine 
catabolism. In support of this he has now shown 
that the major metabolite of epinephrine labelled with 
tritium is a methylated compound (metanephrine). 
An enzyme capable of methylating epinephrine is 
apparently widely distributed. Interesting papers 
by Dr. T. L. Sourkes (Montreal) and Dr. H. Weil- 
Malherbe (Washington), on the urinary excretion of 
catecholamines by psychotic individuals, underlined 
the current interest in aberrations of amine meta- 
bolism. 

In a closing speech Dr. S. S. Kety (Bethesda) 
analysed theories of the biochemical etiology of 
mental disease. In a satisfying and illuminating way 
he reviewed the work of those investigators who have 
concluded that this or that toxic substance, or group of 
substances, is characteristic of mental disorder, and 
his conclusion was that no one has convincingly 
demonstrated a biochemical lesion characteristic of 
the psychoses. The recent studies on ceruloplasmin, 
thought to be present in increased amounts in 
schizophrenic plasma, have proved to be incorrect, 
while the reports on taraxein, a toxic factor from 
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schizophrenic blood, have proved equivocal. Dr. 
Kety affirmed that it was most difficult to plan 
experiments to compare psychotics with normal 
controls. To obtain proper controls was a consider- 
able feat in itself, and most research had been carried 
out on patients in institutions who had, among 
other things, been on an unusual diet. This latter 
consideration often accounted for reports of the 
atypical urinary constituents of mental patients. 
The subconscious desire on the part of the investigator 
to eliminate conflicting data had also to be overcome. 
There was considerable discussion after Dr. Kety’s 
paper on the problems inherent in undertaking bio- 
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chemical studies in mental disease, and one or two 
speakers put in a plea for investigators to publish 
negative findings, if only to eliminate duplication of 
effort. 

Altogether the Strasbourg conference was a stimu- 
lating experience and thanks are due to the organizing 
committee for the first-class presentation. All 
members of the Symposium are indebted also to 
Prof. Mandel and the Comité de Patronage for the 
hospitality shown in Strasbourg, and no one will 
easily forget the many social events organized for 
the delight of members, especially the outing to 
Obernai. G. B. ANSELL 
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HUMAN AND ANIMAL MYCOLOGY 


HE International Society for Human and Animal 

Mycology met in Lisbon during September 5-10. 
The meeting, the first since the Society was founded 
in Paris in 1954, was held by permission of the Presi- 
dent and General Secretary of the Sixth International 
Congresses on Tropical Medicine and Malaria. It was 
attended by more than sixty members of the Society, 
and twenty-one countries, including the U.S.S.R., 
Japan, the United States, Brazil, South Africa and 
Australia, were represented. 

Three of the sessions on tropical medicine were 
devoted to mycotic infections, and these covered the 
clinical and epidemiological aspects of mycoses, the 
ecology and saprophytic occurrence of pathogenic 
fungi and the biochemistry and physiology of patho- 
genic fungi. In addition, the Society held two business 
meetings and three paper-reading sessions. Altogether 
there were more than forty communications, and 
ample time was allowed for discussion. 

In a brief report of the proceedings it is difficult to 
select, from the many papers presented, those most 
worthy of note. However, no account would be 
complete without reference to the contributions on the 
ecology of pathogenic fungi. Dr. C. W. Emmons 
(United States) pointed out that, for many of the 
mycoses, we know that saprophytic growths provide 
the inocula from which man and animals are infected, 
and that all epidemiological evidence suggests the 
probability of saprophytic sources of inocula for a 
number of other mycoses. He sugested that 
attempts to isolate the fungi from soil of areas where 
the specific mycoses are endemic, and a more careful 
comparison of certain rare pathogens with fungi 
already described in the literature of . » .eral mycology 
may well increase or complete the i=: of pathogens 
with known saprophytic sources. Dr. Emmons said 
that most of the pathogens of man have a wide 
geographical distribution and their local distribution 
is dependent upon ecological factors only partially 
recognized. 

The results of a four-year study of Coccidioides 
immitis in the soil of the South-West Joaquin 
Valley of California were given by Dr. Egeberg 
(United States). He discussed the ecological and 
epideraiological significance of the recovery-rate 
of the fungus being highest in surface soil three to 
four weeks after the end of the rainy season, most 
consistent from the walls of animal burrows, and 
lowest from the surface towards the end of the dry 


season when the incidence of the disease is at its 
highest. 

Dr. P. Abbot (Britain), in his consideration of myce- 
toma. noted that for this disease the incidence is 
apparently correlated with climatic conditions rather 
than with specific soil types or other factors. The 
recovery of the dermatophytes Microsporum canis, 
M. gypseum and the non-pathogenic keratinophilic 
fungi Trichophyton terrestre, which is a new species, 
and Keratinomyces ajelloi from the soil of Australia 
and New Guinea was discussed by Dr. E. B. Durie 
(Australia), who also reviewed previous work on the 
ecology of dermatophytes. In his consideration of 
the mouth as a reservoir of pathogenic fungi, Dr. 
G. C. Ainsworth (Britain) pointed out that of the 
many and diverse fungi recorded from the mouth, 
most are ‘contaminants’ and only a small number may 
be considered as ‘inhabitants’. Some of the ‘inhabi- 
tants’ appear to provide a reservoir of infection for 
such endogenous diseases as candidiasis and actino- 
mycosis. A single isolation of Cryptococcus neoformans 
from a healthy horse, during his investigations into 
the intestinal yeast flora of man and domestic animals, 
was reported by Dr. N. Van Uden (Portugal). 
This pathogenic yeast has been shown in the United 
States to be frequently associated with pigeon 
droppings, and Dr. K. Ishida (Japan) reported 
similar findings in Tokyo. 

Histoplasmosis was the subject of a number of 
contributions. The first occurrence of this disease in 
Japan was reported by Dr. H. Yamato, and a paper 
on the distribution of histoplasmosis in South Africa 
was given by Dr. H. I. Lurie. Dr. E. Drouhet 
(France) and Dr. J. Schwarz (United States) both 
reported that in culture there is no apparent differ- 
ence between Histoplasma duboisii, first described by 
Vanbreuseghem in 1952, and H. capsulatum. How- 
ever, the geographical distribution and the clinical 
and pathological aspects of African histoplasmosis 
caused by H. duboisii differ considerably from the 
classic form of the disease caused by H. capsulatum, 
and it was generally agreed that for the present it is 
useful to consider them separately. 

In an interesting communication Dr. A. C. Batista 
(Brazil) stated that from the results of investigations 
carried out in Brazil it is clear that fungi such as 
Candida and Torulopsis may be a primary cause of 
cholecystitis. Dr. C. 8S. da Silva Lacaz (Brazil) gave 
an excellent account of the clinical and epidemiological 
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aspects of the serious mycoses in South America and 
also showed a most interesting film which he had made 
on South American blastomycosis. 

The importance of therapy was not overlooked. 
Dr. M. Muftic (Iraq) reported on trials of mycostatin 
(nystatin) derivatives used intravenously and intra- 
museularly for the treatment of coccidioidomycosis, 
and Dr. J. C. Gentles (Britain) gave an account of 
experimental work which demonstrated the efficacy 
of oral treatment with the antibiotic griseofulvin for 
dermatophyte infections. 

The use of serological tests for identification 
and classification of fungi were considered by 
Dr. H. Seeliger (Germany) and Dr. T. Tsuchiya 
(Japan). 

The social side of the Congresses in tropical medi- 
cine and malaria, in which Society members took 
part, was well organized, and it would be difficult to 
speak too highly of the hospitality of our Portuguese 
hosts. The impressive opening ceremony was held in 
the National Assembly (Palace of Sio Bento) under 
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the presidency of His Excellency the President of the 
Republic of Portugal. Evening visits were arranged 
to places of interest in Lisbon, such as the estufa 
fria (cool greenhouse) in the Parque Eduardo VII 
and to palaces and gardens in the neighbouring towns 
of Sintra and Queluz. On the first Sunday there was 
an excursion to the University of Coimbra. 

During the two business meeetings of the Society 
it was announced that there are now more than two 
hundred members, and that it would shortly be 
possible to begin publication of a journal devoted to 
human and animal mycology. It was agreed that 
membership of the Society should be open to all 
interested in medical and veterinary mycology. The 
date for the next meeting is to be decided by the 
executive committee: President, J. E. Mackinnon 
(Uruguay); Vice-Presidents, G. C. Ainsworth 
(Britain); C. W. Emmons (U.8.A.); P. Negroni 
(Argentine) ; G. Segretain (France) ; General Secre- 
tary, R. Vanbreuseghem (Institut de Médecine Trop- 
icale, 155 rue Nationale, Antwerp). J. C. GENTLES 


STUDENT APPRENTICESHIP IN ELECTRICAL ENGINEERING 


‘NTUDENT apprenticeship is the subject of a 
J report* published recently by the Institution of 
Electrical Engineers. The report is the work of a 
jomt committee, under the chairmanship of Sir 
Willis Jackson, appointed by the Council of the 
Institution in consultation with the Council of the 
British Electrical and Allied Manufacturers Associa- 
tion, the Radio Industry Council and other interested 
bodies. 

It is stated in the foreword that the report aims 
to do two things : first, to explain to teachers, senior 
pupils and parents the scope of the educational 
requirements and the training envisaged in student 
apprenticeship for electrical engineering; and 
secondly, to give guidance to those responsible for 
the education and training of student apprentices as 
to the structure and content of academic courses and 
practical training. 

Graduate apprenticeship and student apprentice- 
ship are the two main avenues leading to professional 
qualification in electrical engineering in Britain. A 
university graduate, on completion of his three- or 
four-year full-time course of study, will normally under- 
take a two-year apprenticeship with a manufacturing 
or Operating organization. The student apprentice, 
on the other hand, enters industry from school and 
pursues academic study more or less in parallel with 
his practical training throughout a period of five or 
more years. Study and practical experience can be 
interleaved in a wide variety of ways, but one pattern 
which has evolved and which shows increasing prac- 
tical importance is that of the sandwich course of 
five years duration, in which four six-month periods 
of full-time study are interposed between five equal 
periods of practical experience in industry. Recruit- 
ment to a scheme of student apprenticeship should 
take place normally at about the age of eighteen, 
the candidate having pursued sixth-form work at 
school and having obtained passes in mathematics 


* The Education and Training of Student Apprentices in Electrical 
Engineering: a rt of the Joint Committee on Practical Training 
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and physics at Advanced Level together with five or 
more passes in suitable subjects at Ordinary Level 
of the General Certificate of Education. There 
is, however, provision for entry from the National 
Certificate course, the requirement being a ‘good’ 
Ordinary National Certificate. Thus, the boy 
who has left school early and has embarked upon 
craft or technician training is not debarred from 
entering upon the professional course provided that 
his studies have shown sufficient promise. 

The successful completion of a sandwich course will 
normally qualify for a recognized award such as that 
of the recently established Dip.Tech.(Eng.) or of a 
college diploma. It must be emphasized that a 
distinctive feature of the sandwich course is the 
association of the industrial experience with the 
academic study as an integral part of the course, it 
being a requirement that the student should have 
completed his practical training satisfactorily as well 
as his examinations before the award is granted. 

Sandwich courses are normally ‘industry based’, 
that is to say, the student is recruited by an indus- 
trial organization as a student apprentice and the 
firm takes responsibility for the complete planning of 
his industrial experience throughout the five six- 
month periods which he will spend in the works. 
This arrangement works well with large organizations 
within which the whole range of experience required 
by the apprentice can be obtained. The position of 
smaller firms may be less satisfactory, as an individual 
concern may be able to provide excellent training 
covering a part of the requirement but be completely 
deficient in respect of other portions. This difficulty 
is being met by group training schemes in which a 
number of concerns co-operate in providing full 
professional training facilities, and the group, in 
fact, accepts a collective responsibility towards the 
apprentices of the individual concern. 

As an alternative to the ‘industry based’ sandwich 
course there is provision for ‘college based’ courses 
in which the college accepts the student and makes 
suitable arrangements with one or more firms to 
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provide the full practical training required. The 
report emphasizes that the success of a ‘college 
based’ scheme is dependent upon the practical 
training being planned in conjunction with a number 
of firms which will undertake, as in the group training 
scheme, to provide, among them, for all the aspects 
of the full practical training. Sandwich courses 
represent a partnership between college and industry, 
and this partnership is expressed not only in adminis- 
trative matters but also in the detailed co-ordination 
of academic and practical work. There should be close 
consultation between the college and the industrial 
firm in the planning of syllabuses for both lecture 
and laboratory courses. In the final year of sandwich 
courses it is customary for the student to carry out a 
fairly extensive individual investigation or special 
project. The report mentions that the project may 
well be related to the branch of industry in which 
the student is engaged and that its completion may 
sometimes be carried out in the industrial organization 
during the concluding phase of the student’s practical 
training. 

The teaching staff of the college should keep in 
close touch with the industrial firm by means of 
visits and discussions in order to ensure the proper 
co-ordination of practical training with studies and 
the maintenance of contact with students during 
practical training periods. It is suggested that while 
in the works the student should do a certain amount 
of directed reading with the view of widening his 
horizon. The history of engineering and the philosophy 
of science should find a place among other cultural 
subjects. 

Sections of the report deal in outline with the 
education and the practical training which is ex- 
pected of the professional electrical engineer, and 
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two interesting summaries are given of the principal 
aims. That these are much more than mere state- 
ments of subjects to be studied and of skills to 
be acquired may be illustrated by two quotations. 
One of the items under the heading ‘‘Education’”’ 
is, “‘to develop an understanding of the experi- 
mental method, its uses and limitations, together 
with a degree of skill and confidence in carrying 
out tests and drawing valid conclusions from the 
observations made”, while one of the qualities 
which his practical training should help the electrical 
engineer to acquire is the ‘‘understanding of the 
human problems which arise in an industrial com- 
munity”’. 

Although the report emphasizes that the main 
route to professional qualification by student appren- 
ticeship should, in the future, be the sandwich 
course, mention is made of the pursuit of Higher 
National Certificate courses on the basis of ‘day 
release’. It is pointed out that the Higher National 
Certificate and endorsements no longer meet the 
educational requirements of the Institution of Elec- 
trical Engineers and two further years of part-time 
study are required to enable a man to sit for Part 3 
of the Institution’s examination or, alternatively, a 
special full-time course of six months duration. 

The report concludes with a short section dealing 
with various administrative matters and an appendix 
summarizing the relevant regulations of the Institu- 
tion of Electrical Engineers. 

This publication, which, strictly speaking, is a 
guide to student apprenticeship, is in fact an admir- 
able short treatise on electrical engineering as a 
career and the means of entering upon it. The report 
should be in the hands of all concerned with the 
education of young people. J. GREIG 
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THE NATIONAL PHYSICAL LABORATORY 
REPORT FOR 1957 


[*HE annual report for 1957 of the National 
Physical Laboratory, Teddington*, includes the 
report of the Executive Committee which was pre- 
sented to the General Board at its meeting on May 
15, 1958, the second of the annual open days of the 
Laboratory (see Nature, 182, 10; 1958); detailed 
reports, prepared by the respective superintendents, 
of the work of the nine scientific Divisions and the 
Test House of the Laboratory ; and, for the first 
time, a separate section devoted to the administration 
of the Laboratory and general matters. 

During the year under review, the report states, 
the Executive Committee was mainly concerned with 
matters of long-term policy, particularly with pro- 
posals for the quinquennium 1959-64. Some of the 
recommendations have already been announced and 
implemented ; for example, the reorganization of the 
Electricity, Metrology and Physics Divisions. They 
are to be replaced by three new Divisions, entitled 
Standards (based on the Metrology Division and 
responsible for the fundamental standards), Applied 
Physies (covering secondary standards, electro- 


* Department of Scientific and Industrial Research. Report of the 
National Physical Laboratory for the year 1957. Pp. vili+122+ 
8 plates. (London: H.M. Stationery Office 1958.) 6s. 6d. net. 


technics, acoustics and radiology, and including the 
Test House), and Basic Physics (responsible for 
pioneering developments in non-nuclear physics of 
potential value to industry). New developments in 
most of the other divisions, including increases in 
their staffs, are also reeommended. A new section 
on theoretical physics is advocated for the Mathe- 
matics Division. The Control Mechanisms and 
Electronics Division is encouraged to depart from 
the design and construction of computers and to 
study means of replacing, by machines, human 
faculties other than the ability to count. The 
Executive Committee is in agreement with the views 
of the committee set up under the chairmanship of 
Prof. N. F. Mott to consider the functions of the 
Metallurgy Division, namely, that the Division be 
expanded and be provided with a new building 
properly equipped for the mechanical working of 
difficult materials, though it considered that its 
resources should be concentrated upon a limited 
number of basic researches of current importance. 
An increase in the number of research fellowships 
tenable at the Laboratory, and greater flexibility in 
the staffing arrangements, including more temporary 
appointments and freedom to appoint senior men at 
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the level appropriate to their qualifications and value 
to the Laboratory, would be, in the opinion of the 
Committee, of great benefit to the Laboratory. 

The eighth in the series of international symposia, 
dealing with visual problems of colour, was held at 
the Laboratory during September 23-25. The pro- 
ceedings of the symposium on the direction of 
research establishments which was held in September 
1956; two booklets, Nos. 16 and 18, in the series 
“Notes on Applied Science”; and the first volume, 
“The Use and Construction of Mathematical Tables’’, 
in the new series entitled “NPL Mathematical 
Tables’’, were published during the year. In addition 
to visits to the Laboratory by numerous scientists 
from many countries, including two Russian parties 
interested in thermodynamics and the properties of 
steel and a group of Chinese scientists forming part 
of a trade delegation, the Parliamentary and 
Scientific Committee visited the Laboratory to see 
some of its work and to discuss its organiza- 
tion. 

The Laboratory provided a number of items for 
inclusion in the stands of the Department of Scientific 
and Industrial Research at the Physical Society 
Exhibition of scientific apparatus, the Plastics 
Exhibition and the Engineering, Marine, Welding 
and Nuclear Energy Exhibition, and displays were 
shown at the Royal Society soirées and at the 
Geological Society of London. Seventy-two visits 
overseas were made by members of the staff, con- 
sisting of nine to the United States and Canada, 
three to Australia and the remainder to Europe. 
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A long-standing need at the Laboratory is a centre 
incorporating a first-class lecture hall, restaurant 
facilities and library, and it is therefore pleasant to 
read in the report that planning has begun for the 
conversion of the duplex wind tunnel building into 
such a centre. The first phase of the conversion will 
provide a lecture hall, restaurant and cafeteria, con- 
ference rooms and an exhibition hall, and the second 
phase possibly the rehousing of the library. The 
building work in connexion with the new Ship 
Hydrodynamics Laboratory at Feltham is pro- 
ceeding satisfactorily, and that Laboratory should be 
in full operation by late 1959. A new workshop and 
a drawing office have been provided for the Aero- 
dynamics Division, and an extension has been made 
to the control mechanisms building of the Control 
Mechanisms and Electronics Division. 

The recent and more interesting activities of the 
various sections of the Laboratory are always illus- 
trated and displayed during the open days, and the 
detailed descriptions of these given in the reports 
already published in Nature (180, 166; 1957; and 
182, 10; 1958) make superfluous any additional 
reference to the substance of the superintendents’ 
reports contained in the annual report. The reports, 
however, are well worth close study, as they indicate 
most clearly the very wide range of extremely careful 
and accurate investigations, relating to both funda- 
mental and applied research, undertaken by the 
Laboratory. A bibliographical list of publications by 
members of the staff of the appropriate division 
accompanies each report. S. WEINTROUB 


FIRE RESEARCH 


OR some years now, Britain has occupied a 

leading position in the conduct of research into 
fire and explosion. This is no less than is to be 
expected, for not only are these matters of domestic 
concern, but also, by reason of the world-wide 
nature of British insurance, there is little that happens 
elsewhere that is of no material interest to us. 

An important stage was reached in the 193C’s 
when the Riverdale Committee, reviewing fire brigade 
services in England and Wales, recommended the 
establishment of a Fire Prevention Research Board 
by the Department of Scientific and Industrial 
Research. Only the first practical steps had been 
taken when the Second World War began. 

War-time experience soon showed that in air raids, 
damage due to fire can greatly exceed in extent that 
due to high-explosive bombs. For this reason, war- 
time fire research was developed and conducted 
under the egis of the Ministry of Home Security, 
and a considerable number of internal and extra- 
mural projects were organized and brought to suc- 
cessful issue. After the War, the Department of 
Scientific and Industrial Research again assumed 
responsibility for fire research, and in November 
1946 established, now in partnership with the Fire 
Offices’ Committee, representing the insurance com- 
panies, the Fire Research Board and the Joint Fire 
Research Organization. The Fire Offices’ Committee 
placed at the disposal of the organization its Fire 
Testing Station at Boreham Wood, which had been 
established in 1935, and this became the site of the 
new research station. Additional facilities, some of 


a temporary nature, have been acquired, and final 
plans for permanent buildings are now far advanced. 

One further development should be mentioned. 
In 1955 the Fire Research Board set up a Committee 
on Industrial Fires and Explosions to advise with 
regard to research upon problems encountered by the 
Factory Inspectorate and others in contact with 
industry. This step was associated with a very 
desirable broadening of the interests of the organ- 
ization into the field of industrial hazards. 

An impression of the growth of the work as a 
whole is gained by comparing the first report of the 
Board and the Director, issued in 1947, with that for 
1957*, which has recently appeared. In the inter- 
vening ten years, both the scope of the work and the 
staff employed have greatly increased, but it is 
gratifying to note that the length of the report has 
not increased proportionately. 

The statistics with regard to fires attended by fire 
brigades in the United Kingdom during 1956 and the 
preceding years are of popular interest, and provide 
a background against which much of the other work 
must be viewed. For this reason it is a little surprising 
that the figures do not receive more comment in the 
report itself. They reveal a marked recent increase 
in the total number of fires ; to which increase, fires 
in the open (grassland, heathland, woodland, em- 
bankments, refuse, etc.) have contributed most 
notably. So far as fires in buildings are concerned, 


* Department of Scientific and Industrial Research and Fire Offices’ 
Committee. Fire Research 1957: Report of Fire Research Board 
and the Report of the Director of Fire Research. Pp. vi+52+8 plates. 
(London: H.M. Stationery Office .1958.) 58. net. 
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the increase is fairly evenly spread over the different 
types. The most marked, however, is seen in the 
“other buildings” category, and, as these account for 
some 10 per cent of the total building fires, further 
analysis seems to be desirable. A similar remark 
applies to the analysis of electrical causes of fire 
where, although most of the defined categories show 
that the situation is at least under control, ‘‘other 
apparatus’ is responsible for growing numbers 
of fires. The use of oil-burning appliances in 
buildings is an increasingly important cause, and 
attention is directed to this matter in the 
report, where it is pointed out that a disturbing 
number of fatalities is associated with fires of this 
t r 

a a review of this character it is impossible to do 
justice to the considerable amount of excellent 
experimental work that is recorded. Mention may 
be made of the continuation of the fruitful investi- 
gation of the ignition of solid materials by radiated 
heat, and the interesting experiments on the cor- 
relation of fires in buildings with those in models. 
Among building materials, ordinary and pre-stressed 
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concrete have received particular attention as to 
their behaviour in fire; while on the operational 
side, attempts are being made to put the application 
of fire detectors and the use of water sprays and 
foam as extinguishing media on a scientific footing. 
Work on industrial explosions has been directed 
particularly to the scope and limitations of explosion 
reliefs and flame arrestors; and a study has been 
made of the significance of the readings of com- 
mercial explosimeters when applied to vapours of 
diverse nature. Work on the flammability of fabrics 
is being directed to the important question of the 
personal hazard arising from the ignition of clothing 
and to the development of a relevant test. Several 
smaller but no less interesting investigations complete 
the list. 

A distinct effort has been made to render this 
report readable and comprehensible to the general 
reader, even to the provision of a glossary of the 
special terms used. Like most Stationery Office 
publications, it provides excellent value for money, 
and it is to be hoped that it will be widely read. 

J. H. Buruoyne 
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ANIMAL LIFE ON WAVE-BEATEN ROCKS 


By Dr. H. 


GORVETT 


Department of Zoology and Applied ey Imperial College of Science and Technology, 
W.7 


London, S 


JAVE-BEATEN rocks on exposed shores appear, 
at first sight, to be somewhat barren and devoid 
of life, but recent investigations have shown that 
here, as in other parts of the sea-shore, there exists 
a surprisingly large number and variety of animals. 
The richness of the microfaunas of intertidal sea- 
weeds and lichens has been amply demonstrated! ; 
animal life in rock crevices is known to be both 
diverse and abundant?; and sorting and counting 
the inhabitants of even a very small rock pool may 
well keep a dozen students on a marine biology course 
busy for days. But most of the work done so far on 
this type of sea-shore ecology has been concerned 
with relatively sheltered habitats, and it is inter- 
esting to discover that the surface of a wave-beaten 
reef, where conditions’ would seem to be far less 
hospitable, may support @ microfauna almost equally 
rich. 

The site of the present investigation is a low rocky 
reef extending seawards from the western shore of 
the island of Oronsay in Argyllshire. Oronsay is 
about ten miles west of the island of Jura, and its 
western coast is exposed to the full force of Atlantic 
gules. The reef is a smooth hump of rock about 
80 yards long and 12 yards wide, rising gently to a 
flattened crest about 6 ft. above mean low-water 
springs. Although the conditions here are not as 
rigorous as in certain other localities in the Western 
Isles, the degree of exposure is such that few of the 
larger seaweeds can survive on its surface, and these 
only as isolated tufts separated by wide expanses of 
weed-free rock. In place of the luxuriant cover of 
weed found above low-tide level in more sheltered 
situations, there are only stunted specimens of the 
exposed shore form of Fucus vesiculosus (F. vesi- 
culosus L., f. linearis (Huds.), commonly known as 
f. evesiculosus*), small compact cushions of the red 


calcareous weed Corallina officinalis, a few individual 
plants of the thong-weed Himanthalia elongata, and 
occasional small tufts of Gigartina stellata. Below 
low-tide level the rocks are coated with the red 
calcareous Lithothamnion, partly hidden by a rela- 
tively prolific fringe of fucoids, in which the species of 
Laminaria (L. digitata and L. hyperborea) are inter- 
mingled with a high proportion of Alaria esculenta. 
The latter is a weed that grows only in relatively 
exposed situations, and it is the only fucoid capable of 
withstanding conditions of extreme exposure such as 
are to be found on the isolated islet of Rockall‘. 

The only conspicuous animals on the areas of rock 
surface between the weed tufts are limpets, patches 
of barnacles, the anemone Actinia (fairly common in 
pools and crevices), and occasional little clusters of 
small mussels (also in crevices). The greater part of 
the animal population, however, has to be searched 
for more carefully, since it consists of small forms 
living in the shelter provided by the larger organisms, 
more especially by the encrusting barnacles and by 
the cushion-like growths of Corallina. 

If the barnacles are scraped off the rock and 
separated from one another under a binocular 
microscope, and if their skeletal plates are taken 
apart, a host of small animals is revealed, some 
living in the empty shells of dead barnacles, others 
in the chinks and crevices between the plates of 
living ones. So numerous are these that a scraping 
from even a small area of rock surface cannot be 
fully sorted in less than two or three days. The 
record is held at present by a patch of barnacles 
from the flat top of the reef about 6 ft. above mean 
low-water springs. This measured 5 cm. x 5 cm. 
(2 in. x 2 in.) and was found;to contain a total of 
no less than 1,756 animals. These were all visible to 
the naked eye, and were picked out individually 




































EOE BEADS STC AE PN 








BIE Rar LN se OPS a a )—T 


PADS Se ete at 







































December 13, 1958 


with forceps. Single-ceiled animals such as foramin- 
iferans (which were common) were ignored, and so 
were many smaller members of other groups (such as 
nematodes). The animals counted belong to more 
than twenty species and are made up as follows : 
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Balanus balanoides 97 Hemioniscus balani 1 
Chthamalus stellatus 55 Amphipoda 9 
Turbellaria 2 Anurida maritima 6 
Nemertinea 3 Chironomid larve 66 
Nematoda 4 Acarina 1,056 
Polychzeta 19 Littorina saxatilis 191 
Oligochzta 55 . neritoides 48 
Copepoda 4 Mytilus sp. 9 
Tanaidacea 8 Lasaea rubra 123 


The most numerous animals are the mites, of 
which there appear to be five species. But even if 
these, and the barnacles themselves, are excluded, 
there still remain 548 animals of other groups. Totals 
of more than 800 animals, excluding the barnacles 
and numerous but uncounted mites and copepods, 
have been obtained from other 5 cm. x 5 cm. 
samples. The most surprising animals to find in- 
habiting the surface of wave-beaten rocks are, 
perhaps, the chironomid larve ; but these are often 
common in rock pools’ and in other parts of the 
shore. 

The alga Corallina officinalis also harbours a large 
microfauna. In the pools this weed grows into a 
loose branching plant several inches high, but on the 
exposed rock surface it forms compact rounded 
humps an inch or less in height. Although the 


branches are short and closely packed, large numbers 
of small tubicolous polychetes, oligochetes, amphi- 
and others 


pods, chironomid larve, nematodes, 
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manage to squeeze into the narrow cavities between 
the branches for shelter and protection. 
The population of small animals appears to be 
considerably greater on the Oronsay reef than on 
the islet of Rockall, where only six species of inverte- 
brate animal have been found’. But, as Dr. Crisp 
suggests, additional factors may be involved here, 
and the paucity of animal life on Rockall may be 
due not only to the high degree of exposure to 
which it is subjected but also to the island’s small 
size and isolated position—a combination of con- 
ditions that may effectively prevent its being 
colonized by the settlement of the free-swimming 
larval stages that are produced by so many of the 
shore-dwelling animals. 
Work is proceeding on a comparative survey of 
the microfaunas of wave-beaten rocks, and it is 
hoped that in due course it will be possible to publish 
elsewhere the results of this work in greater detail. 
I am most grateful to Prof. H. R. Hewer 
for his efficient organization of a combined seal and 
microfauna expedition to Oronsay, and to the Royal 
Society for a grant from the Browne Research Fund. 
Colman, J., J. Mar. Biol. Assoc. U.K., 24, 129 (1940). Dahl, E., 
‘*Undersékningar éver Gresund”, 35 (1948). Wieser, W., J. Mar. 
Biol. Assoc. U.K., $1, 145 (1952). 

* Glynne-Williams, J., and Hobart, J., Proc. Zool. Soc. Lond., 122, 
A ae Morton, J. E., J. Mar. Biol. Assoc. U.K., 38, 187 

* Powell, H. T., J. Mar. Biol. Assoc. U.K., 86, 407 (1957). 

“ Powell, H. T., and Chamberlain, Y. M., in Fisher, J., “Rockall”, 
Appendix B (Geoffrey Bles, 1956). 

5 Stuart, T. A., Trans. Roy. Soc. Edin., 60, 475 (1942). 

‘One S J., in Fisher, J., “Rockall”, Appendix C (Geoffrey Bles, 
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ie an experiment using a core selector and a neutron- 
operated detector sensitive to radiations producing 
small stars in lead, Marsden and Doran!’ have studied 
the nucleonic component in extensive showers. 

A large proportion of the recorded counts of such 
an apparatus is due to low-energy (~ 1 BeV.)nucleons, 
but the thick interacting layer of lead usually used 
makes an estimate of the mean energy difficult. We 
shall describe a similar experiment, in which a more 
complete analysis allows us to give a density dis- 
tribution of nucleons with radius r from the shower 
core, and more complete information about processes 
occurring in the detector. 

The Sydney air-shower apparatus* allows the size, 
N, of showers falling within its sensitive area to be 
found and the positions of their cores to be deter- 
mined with an accuracy of + 4 m., using an assumed 
structure function and the total particle density at 
nine points. The direction of approach can also be 
obtained. To detect nucleons we used the Sydney 
neutron monitor, a standard International Geophysical 
Year apparatus of area 1-88 m.’, as described by 


* Also supported by the Nuclear Research Foundation within the 
University of Sydney. 


University of Sydney 


Simpson* which contained eleven counters at the 
time of the experiment. 

The shower master-pulse gates pulses from the 
monitor into an additional scaler for a period from 
+ 5ysec. to + 300 usec. after the shower. The number 
of neutrons counted in each event is thus recorded. 
A maximum of fifteen neutrons may be handled in 
this way, sixteen or more being recorded as a group. 
The proportion of accidental counts is 1 in 500 
showers, and a total of 3,113 showers was observed 
at various times between June 1957 and May 1958. 

In order to produce a recorded count, a nucleon 
associated with an air shower must traverse the 
monitor and give rise to an interaction which pro- 
duces neutrons, which must then be successfully 
detected. Besides the real density distribution with 
radius and shower size, the number, energy, and 
direction of nucleons produced at an interaction, 
and the detection efficiency for the neutrons among 
them will be involved. The number of neutrons 
observed for a shower of given size at a given radius 
will therefore not be unique but will have a distribu- 
tion. In order to extract the average density distri- 
bution we make the following assumptions : 
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Fig.1, Uncorrected density of nucleons as a function of r for two 


values of N, these being the mean values of two of our shower size 
classes; 2- 39 x 10° for 10°< N < 4 x 10° and 7 -45 x 10° for 
4x10°< N< 16 x 10° 


(1) The number, k, of air shower nucleons inter- 
acting is a Poisson variable with mean n(N,7). 
(2) The interaction releases a number of neutrons 
M(N,r). We are here averaging over the energy 
distribution of incoming particles. (3) The detection 
efficiency per neutron p is independent of N and r 
and is small. The number of recorded counts per 
interaction is then a Poisson variable of mean m 
equal to M P, but this is less true the larger p becomes. 
Thus for given N and r the probability of recording 
x counts in an event is : 


Pi(mn) = P(kn) P(x,k) 
k=0 


exp (— ”) nk exp( — mk) (mk)* 
a a 


Known values of M and p for similar structures‘ lead 
us to the conclusion that m is of the order of 1. The 
count frequency may be plotted as a histogram for a 
given size of shower and radius, Table 1 showing 
a typical example. 


Table 1 
No. of counts, z 
0123 45 6 7 8 91011 12 18 14 16> 16 
Frequency, @z 
ean o- 6. ae e S 28: 6.8.20: 8 1 -2 


For each such histogram a likelihood function can be 
formed : 


16 


Limn) = i  [Patnsn) | Ge 


where @,, includes events with 16 or more counts and 


P,.(mn) = P,(mn). 
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By maximizing these functions, assuming that m 
and depend on some power of the radius and shower 
size*, we obtain expressions for m and n valid over the 
region 10° <N < 2 x 10°, 4m. <r < 60m. These 
show the following features : 

(1) m = Mp is found to vary as N 0:15=0.05/ 
7025 +005, The detection efficiency, p, for the 
neutrons is unlikely to vary rapidly with the energy 
of the incident particles. This assumes that most of 
the neutrons are produced by evaporation, though not 
necessarily in one interaction, and that their energy 
is a slowly varying function of the excitation energy’. 
Thus the mean energy of the particles detected 
decreases slowly with increasing radius and the 
multiplicity observed means that it is greater than 
about 500 MeV. 

(2) The density of the particles counted is propor- 
tional to N0-47 + 0-1 ,-0-92 + 6-1 between 5 and 50 m., 
in fair agreement with Marsden and Doran. 

(3) In Table 2 we compare our results with those 
of Lehane’. The densities in the third column are 
obtained by dividing our value of n for 5 x 105 particle 
showers at the appropriate radius by the area of the 
lead in the neutron monitor, and so are not corrected 
for the fraction of particles going through it without 
interaction. 
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Table 2 
‘VRbiare eee ace SOE TRAE PD > - 1 
Radius Lehane Uncorrected Corrected | 
(m,) (m.~*) density (m.~*) density (m.~*) | 
5 15 | 0-52 + 0-1 0-79 + 0-15 
10 0°83 0-26 + 0-05 0-4 he 1 | 
25 0:36 | 0-147 + 0-01 0-223 + 0-015 | 
| 50 0-047 0-06 + 0-01 0-09 + 0-015 


Agreement between the corrected readings, obtained 
by using an interaction mean free path of 184 gm./em.:, 
and those of Lehane is fair, but our results show a 
less rapid decrease with increasing radius. Ifthe mean 
energy of the nucleons decreases with distance from 
the shower core, as is suggested by the variation of 
m with radius, the rate of Lehane’s penetrating- 
particle detector would be more affected than that 
of our apparatus. A calculation, using the cross- 
section for production of stars by yu-mesons extra- 
polated to ground-level® and the density of u-mesons 
found by Lehane, shows that production of stars by 
u.-mesons cannot produce this discrepancy. Similarly, 
production of neutrons by y-mesons stopping in the 
lead produces too small an effect, and we regard the 
most likely explanation to be the sensitivity of the 
monitor to neutrons with an energy of several MeV., 
many of which are likely to be scattered to the outer 
regions of an extensive air shower. 

We wish to acknowledge a grant from the Australian 
Academy of Science for the construction of the 
neutron monitor, and to record our appreciation of 
the excellent laboratory and computational facilities 
provided by Prof. H. Messel. 
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COERULOPLASMINS FROM HUMAN SERUM 
By Dr. LARS BROMAN 


Institute of Biochemistry and Department of Psychiatry, University Hospital, University of Uppsala 


HE serum constituent coeruloplasmin has re- 

cently been discussed as a factor possibly con- 
nected with mental diseases!:*. The application in 
this field of research of a well-known histochemical 
oxidase reagent, dimethyl-p-phenylene diamine, pro- 
vides a convenient photometric method for estimating 
the enzymic activity of this protein? which con- 
tains copper. Oxidase measurements on serum 
have, however, little, if any, value as a diagnostic 
tool’. Many etiologically different diseases, and nor- 
mal pregnancy, are characterized by increased levels 
of coeruloplasmin®. In some quarters this increment is 
assumed to be adaptive to an enhanced production 
of biologically active metabolites, the rapid destruc- 
tion of which is essential for normal function. A 
precise knowledge of the physiological significance 
of coeruloplasmin is, however, still lacking. 

With the exception of the work of Uriel e¢ al.*, no 
attempts have been made so far to separate the serum 
proteins and to compare their ability to oxidize 
dimethyl-p-phenylene diamine or related substances. 
This communication gives a brief description of a 
series of experiments based on the general assumption 
that the oxidation of dimethyl-p-phenylene diamine 
by whole serum is brought about by several more or 
less related enzymes, independently. Serum was 
fractionated with a calcium phosphate column and 
the existence of two chromatographically different 
oxidizing enzymes was demonstrated with the use 
of an improved technique, which excludes irrelevant 
influence from contaminating non-enzymic copper. 
Finally, it has been demonstrated that combinations 
of certain organic acids and chloride ions are powerful 
inhibitors of coeruloplasmin, a fact which has certain 
physiological implications. 

The starting material used was serum from in- 
patients at a mental asylum. The subjects chosen 
were not undergoing heavy treatments at the time of 
sampling, such as insulin, chlorpromazine or electric 
shock, 

The oxidase activity measurements were performed 
as follows. (This work was done independently of 
that of Humoller et al.7, which was only recently 
brought to my notice.) Stock solution I was prepared 
by dissolving 3-120 gm. of dimethyl-p-phenylene 
diamine dihydrochloride (No. 3067, Merck, Darm- 
stadt) and 3-72 gm. of the disodium salt of ethylene- 
diamine tetraacetic acid (Hopkin and Williams Ltd., 
Chadwell Heath, Essex) in 50 ml. of 4 N hydrochloric 
acid and diluting with distilled water to 100 ml. 
Solution I was stored in plastic tubes at about — 20° C. 
Stock solution II was a triethylamine—acetic acid 
buffer with pH 5-5 (0-50 M with respect to triethyla- 
mine, 0-58 M with respect to acetic acid). The 
substrate solution used was made up from | ml. of 
solution I and 50 ml. of solution IT diluted with 
distilled water to a volume of 250 ml. The final 
oH was about 5-3 at 20°. Depending on the range of 
the oxidase concentration expected in the fractions, 


aliquots of 10-200 ul. were pipetted into suitable 
test-tubes and placed in an ice-bath. Using a semi- 
automatic syringe*, 2 ml. of the cooled substrate 
solution was rapidly distributed into each test-tube. 
The whole set of tubes was then placed in a 37° C. 
thermostat for 10 min. and afterwards transferred 
to ice water, where it remained during the reading 
of the extinction at 552 my, using a 1-0 cm. cell and 
a Beckman B spectrophotometer. Usually 12 blanks 
without enzyme and 6 standard samples were included 
in each set. 

The function of the ethylenediamine _ tetra- 
acetic acid is to suppress the non-enzymic oxidation 
of the substrate which is mainly due to contaminating 
cupric ions. Copper forms a chelate with ethylene- 
diamine tetraacetic acid in the molar ratio of 1:1, 
and at pH 3-5 or higher the chelation is almost 
complete’. 

Fig. 1 shows that the blank activity (open squares) 
is practically abolished by concentrations of ethylene- 
diamine tetraacetic acid higher than about 10-* M. 
This corresponds to the expected level of copper con- 
tamination in water and chemicals. That cupric 
ions do have a relatively intense oxidizing effect on 
dimethyl-p-phenylene diamine is demonstrated by 
the crossed-square curve, which was obtained with 
4-75 x 10-° M cupric chloride in the substrate. 
Ethylenediamine tetraacetic acid concentrations 
higher than the equivalent to this amount again 
suppress the catalytic activity. Thus, the cupric 
ethylenediamine tetraacetic acid chelate has no 
ability to oxidize dimethyl-p-phenylene diamine. 
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Experiments with iron indicated that ethylenedia- 
mine tetraacetic acid had no influence whatever on the 
comparatively moderate oxidation of dimethyl-p- 
phenylene diamine brought about by added quantities 
of ferric chloride (cf., however, Green et al.1°). The 
question remains open whether or not ethylenediamine 
tetraacetic acid is able to counteract a possibly 
increased catalytic activity of metal-protein com- 
plexes of non-enzymatic character, notably those 
with copper", Fig. 1 demonstrates also that 4 x 
10-° M ethylenediamine tetraacetic acid has no 
inhibitory effect on the enzymatic oxidation of di- 
methy]-p-phenylene diamine by coeruloplasmin (black 
circles). This concentration of ethylenediamine 
tetraacetic acid was used in the standard test for the 
oxidase activity and is quite sufficient to suppress 
the catalytic blank oxidation commonly met with. 
Fig. 1 shows also that, during standard conditions, 
a doubling of the coeruloplasmin concentration will 
give rise to approximately twice the extinction at 
552 mu (black circles). 

The chromatographic fractionation of the serum 
was carried out with a calcium phosphate (hydroxyl- 
apatite)'* column, chiefly because of its high capacity 
for coeruloplasmin"*. The column here used contained 
11-2 ml. of hydroxylapatite (4-2 gm. dry weight) and 
the chromatogram was developed with a linear 
gradient of phosphate buffer, produced with an open 
mixing chamber and a conical depot flask'*. At the 
start of the experiment, the column was in equilibrium 
with 0-125 M phosphate buffer and the mixing 
chamber contained 65 ml. of the same buffer, while 
the depot flask was filled with 250 ml. of 0-66 M 
phosphate buffer of the same pH, 6-8. With a hydro- 
static pressure of about 130 cm. the flow rate was 
around 2 ml. per hr. Before the application to the 
column, the serum was dialysed against a 0-125 M 
potassium phosphate buffer of pH 6-8 for about 20 
hr. Both dialysis and chromatography were carried 
out in a cold room at +4°C. Fig. 2 shows a typical 
result when 9 ml. of dialysed serum were chromato- 
graphed under these conditions. The readings of the 
extinction at 280 my for the different fractions (open 
circles) show that the bulk of the serum proteins are 
not adsorbed but appear as a large peak (fractions 


Nos. 9-16) immediately after the dead volume has 


100 Fraction N® 


Fraction volumes about 1:5 ml. 
A, phosphate 
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passed. All the oxidase activity (black 
circles) was retained and appeared as two 
| distinct zones (with maxima in fractions 

Nos. 54 and 66). The outcoming gradient 
was checked with phosphate determinations*® 
(open triangles). Both the oxidases showed 
the same spectrum with maximum at 
605 mu, characteristic of coeruloplasmin". 
All other sera investigated have shown the 
same oxidase heterogeneity and about the 
same proportion between the two peaks. 
Similar types of heterogeneity have been 
reported for many enzymes and recently 
also for another oxidase!’. 

During attempts to find enzymic differ- 
ences between these two coeruloplasmins, it 
was observed that certain organic acids 
could act as powerful inhibitors of dimethy]- 
p-phenylene diamine oxidation. Moreover, 
° this inhibition seemed to be conditioned by 
the pretreatment of the coeruloplasmin. 
Fig. 3 illustrates the effect of varying con- 
centrations of maleic (A), fumaric (B), 
salicylic (C), and oxalic acids (D) on the 
oxidase activity of a coeruloplasmin prep- 
aration, which had been dialysed for about 44 hr. 
against a 0-9 per cent sodium chloride solution. 
Phthalic acid caused an inhibition of the same order 
as did salicylic acid. If, however, the same amount 
of the identical coeruloplasmin was dialysed for 44 hr. 
against 0 125 M potassium phosphate buffer, pH 6-8, 
no significant inhibition could be demonstrated 
(curve A,). Dialysis against 0-2 M sodium acetate 
buffer, pH 5-7, also prevented the inhibiting effect 
of maleic acid. In all these experiments the inhibitor 
was mixed with the coeruloplasmin about one hour 
before the determination of the activity, during which 
period it was stored at + 4° C. 

The effect of ions on the coeruloplasmin inhibition 
has several physiological implications ; in particular, 
it appears that the control mechanism of the oxidase 
activity in vivo may be of a similar nature. It is 
hoped to treat this problem, as well as possible 
correlations with clinical data, during further investi- 
gations. 

This work has been supported by Thanells Memorial 
Foundation for Research in Psychiatry and by the 
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PROTOPLASMIC STREAMING AND WALL STRUCTURE IN NITELLA 


By M. C. PROBINE and Pror. R. D. PRESTON, F.R.S. 
Botany Department, University of Leeds 


URING the course of work in progress on the 

cell wall structure of the alga Nitella opaca Ag., 
some observations have been made which may have 
a bearing on the mechanism of orientation of the 
cellulose component in the wall of this alga. 

The internodes of Nitella opaca Ag. are large single 
cells, the mature cells of which may be several 
centimetres long. When the wall of a living Nitella 
cell is viewed with a hand lens, two colourless lines in 
an otherwise uniform green layer of stationary 
chloroplasts are visible. These lines are on opposite 
sides of the cylindrical wall and are so directed as to 
make a right-hand spiral around the wall. When 
viewed under a microscope at a higher magnification, 
it is obvious that the stationary chloroplasts are in 
regular files and that these files are approximately 
parallel to the two colourless striations. In the living 
cell, streaming of the protoplasm can be clearly seen, 
and it is apparent that the direction of streaming is 
the same as that in which the files of chloroplasts 
are arranged. On one side of the cell the protoplasm 
is streaming upwards, and on the other side it is 
streaming downwards, and the clear lines, revealed 
as narrow regions in which there are very few 
chloroplasts, are the boundaries between the ascending 
and descending streams. 

The angle between the files of chloroplasts and the 
cell axis (which is a fairly accurate measure of the 
direction of protoplasmic streaming), has been 
measured for a number of internodal cells at various 
stages of growth, and it has been found that there is a 
correlation between the streaming angle of the proto- 
plasm and the dimensions of the cell. In Fig. 1 the 
length/diameter ratio (l/d) is plotted against cot 6, 
where @ is the angle between the files of chloroplasts 
and longitudinal axis of the cell (so that 0 is the 
streaming angle). The correlation between l/d and 
cot 6 is highly significant. The correlation coefficient 
(R) is 0-91 (at the 0-001 level of significance, R = 
0-617 for 23 degrees of freedom). 

The regression equation is of the form, 


lid =a + beot 6 


where @ is the streaming angle, / the length of cell, 
d the diameter of cell and a and 6b are constants. 
There is some evidence, however, that this linear 
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Fig. 1. 
is the (streaming) angle between the files of chloroplasts and the 
longitudinal axis of the cell. Each point refers to a separate cell 


Length/diameter ratio plotted against cot 6, where 0 


relation is only an approximation, and that the actual 
relation is rather more complex. 

Since the direction of protoplasmic streaming is so 
well defined, Nitella is an ideal material to examine 
for any correlation with cellulose chain direction in 
the cell wall. Since the streaming angle is a function 
of cell dimensions (and, therefore, of the age of the 
cell) it is possible to obtain cells with a wide range of 
streaming angles by selecting cells varying in age 
from the very young to the mature. The appropriate 
observations have therefore been made on a@ series of 
cells of various ages. The streaming angle was meas- 
ured on the living cell. The major extinction position 
of a single cell wall with respect to the cell axis was 
measured with a polarizing microscope in the follow- 
ing way. The ends of the cell were cut off at an 
oblique angle to the cell axis, the protoplasm removed 
by stroking the cell gently under water, and the cell 
mounted on the slide in dilute glycerine. Because the 
cell was cut obliquely to the cell axis it was possible 
to mount it in such a way that when flattened by the 
cover-slip a fairly large area of single cell wall was 
visible at each end of the cell (Fig. 2). 





1658 


It was found that the direction of the major 
extinction position followed a flat helix around the 
cylindrica! wall, and that the helix angle varied with 
the age of the cell and, therefore, with the streaming 
angie and also with the dimensions of the cell. The 
results are shown graphically in Fig. 3. The corre- 
lation between streaming angle and angle of major 
extinction position is highly significant. The correla- 
tion coefficient (R) is 0-85 (at the 0-001 level of signi- 
ficance, R = 0-617 for 23 degrees of freedom). 

These latter results are in contradiction to those 
obtained by Green and Chapman! for Nitella axillaris 
Braun. They state that “Structural investigations 
reveal that the cellulose microfibrils of the wall are 
well oriented and run strictly in the transverse 
direction. This orientation is found in all portions 
of the wall and in all stages of its development’”’. 
Unless there is a genuine difference between these 
two species there seems to be a conflict here. An 
apparent displacement of the major extinction posi- 
tion from its true position can of course arise through, 
for example, a misalignment of the cross-wires in the 
microscope. Fig. 2 is designed to show that no such 
error is a contributing factor in the present case and 
fully to document the helical arrangement of the 
major extinction position. In Fig. 2a the double wall 
(on the left) is extinguished while the single wall (on 
the right) is bright; in Fig. 2b the single wall is 
extinguished while the double wall is bright. <A 
moment’s thought will satisfy the reader that the 
major extinction position of the single wall must be 
tilted to the transverse. It seems that the wall of 
Nitella axillaris Braun should be re-examined in 
the light of these results. The matter is of some 
importance for two reasons. First, the observed 
correlation between streaming angle and major 
extinction position raises once again the question of 
the part played by streaming in the orientation of 
the anisotropic particles being incorporated in a new 
wall layer. It was observed many years ago by 
Denham? that the directions of protoplasmic stream- 
ing and of wall striations were often identical, and 
on this basis he suggested mechanisms whereby 
streaming might cause orientation in cell walls. 
Although this idea attracted considerable attention 
at the time and led to a good deal of speculation, 
the subsequent observation by Martens* that the 
striations concerned lay deep in the wall and not 
on the inner face, against the cytoplasm, led to an 
abandonment of the whole concept which was perhaps 


(a) (d) 


Cell wall of Nitella opaca Ag. photographed between 
crossed nicols (x 75). In Fig. 2a the double wall (on the left) is 
extinguished while the a wall (on the right) is bright. In 
Fig. 26, after a rotation of the cell thro 14 deg., the single 
wall is extinguished while the double wall is bright. The major 

extinction position of the wall is clearly not transverse 


NATURE 


VOL. 182 


December 13, 1958 





° 
° fe] A 


& 


2° 
+ 


Angle of m.e.p. 











lb _ oO | | J | J 
0 5 10 15 20 25 30 35 


Spiral (helix) angle of chloroplasts ; or streaming angle (6) 


Angle of major extinction position plotted against spiral 
helix angle of chloropjasts, or streaming angle 6. Angles are 
measured with respect to longitudinal axis of cell. For angles 
less than 90°, the major extinction position and the streaming 
angle are so directed as to make a right-hand spiral around the 
wall; for angles greater than 90° the spiral is in the left-hand sense 


Fig. 3. 


premature. The correlation observed here is not quite 
of the type suggested by Denham, since the streaming 
direction and the wall major extinction position 
tend to lie at right angles to each other. Moreover, 
since the chloroplasts are stationary, it does not 
seem likely that the cytoplasm near the wall is in 
movement. It could be, however, that the proteins 
of this surface layer are oriented by the streaming 
of those inner regions of the cytoplasm in which 
movement does occur and that these in turn are 
responsible for wall orientation. The present observa- 
tions offer no evidence on this point. Secondly, it is 
possible that the phenomenon of spiral growth 
exhibited by these two species of alga might be more 
simply explained in terms of the type of spiral struc- 
ture we have described for Nitella opaca Ag., than it 
could be if the major extinction position, as stated 
for Nitella axillaris Braun, is indeed strictly trans- 
verse ; perhaps along the lines already suggested for 
the sporangiosphores of Phycomyces*-*, 

It has been shown that there are correlations both 
between cell dimensions and streaming angle and 
between streaming angle and the angle of the major 
extinction position of the cell wall. There will. 
therefore, also be a correlation between the angle of 
the major extinction position and cell dimensions. It 
is interesting to recall that a correlation between cell 
dimensions and the angle of the major extinction 
position has been shown to exist for some other types 
of plant cell, namely, conifer tracheids, bamboo fibres, 
and sisal fibres’. It does not, however, seem appro- 
priate at this time to speculate as to whether these 
similar phenomena owe their existence to similar 
growth mechanisms. 

We wish to acknowledge our indebtedness to a New 
Zealand National Research Fellowship grant to one 
of us (M.C. P.) which is enabling this work to be 
carried out. 
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Nuclear Magnetic Resonance Spectra from a 
Crystal rotated at High Speed 


HINDERED molecular rotation in solids reduces the 
width of their observed nuclear magnetic resonance 
spectra, with a consequent decrease in the measured 
second moments'. By contrast, on general theoretical 
grounds it has been shown? that the second moments 
of dipolar-broadened spectra should remain invariant 
and should not be reduced by such motion. In a 
recent explanation® of this apparent discrepancy the 
nuclear magnetic interaction was divided into two 
parts, namely, a steady mean interaction and a 
fluctuating part. The steady mean interaction is 
less than the interaction in a static crystal devoid of 
hindered rotation and generates an observed spectrum 
narrower than that of the static crystal. The fluc- 
tuating part of the interaction generates side-spectra 
set at integral multiples of the frequency of molecular 
rotation on either side of the central narrowed 
spectrum. Since the molecules do not rotate uni- 
formly, but are re-oriented with an irregular motion, 
these side-spectra are dispersed over a band of fre- 
quencies with an intensity too weak to be observed. 
It was shown, however’, that when these weak side- 
spectra are included the second moment does indeed 
remain invariant even though the second moment of 
the central portion, which is all that is observed 
experimentally, becomes smaller. 

Since this explanation requires the existence of 
side-spectra which are too weak in intensity normally 
to be seen, it seemed desirable to devise an experiment 
which would render them observable. If all the 
molecules in a solid were to rotate with the same 
uniform frequency, the side-spectra would then be 
centred at well-defined frequencies and should, under 
suitable conditions, have sufficient intensity to be 
observed. The most convenient way in which to 
achieve this situation is to take a crystal within 
which there is no appreciable motion of the nuclei 
and to rotate it uniformly. In this way all nuclei 
in the crystal rotate with the same uniform frequency 
with respect to their neighbours. Since the accepted 
criterion! for spectral narrowing is a rotation-rate at 
least comparable with the width of the spectrum, it 
was clear that a high speed of rotation would be 
necessary. 

Using an air-driven rotor, a single crystal of 
sodium chloride was spun at speeds up to 50,000 
revolutions per minute about the [001] direction in a 
magnetic field of 6,000 gauss directed normally to the 
axis of rotation. With this geometry it may readily 
be shown’ that side-spectra should occur only at 
even multiples of the rotation frequency v, on either 
side of the narrowed central spectrum. Examples 
of the sodium-23 resonance derivative spectra recorded 
with a modified Pound—Watkins spectrometer are 
shown in Fig. 1. The first-order side-spectra are 
clearly seen at the highest rotation-rates and occur, 
as predicted, at a separation of 2v, from the centre 
ofthe spectrum. The central portion is approximately 
halved in width as the theory requires for this case. 
There is good general agreement between the shape 
of the derivatives recorded and those calculated, at 
all rates of rotation. In particular, at the highest 
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Fig. 1, Sodium-23 nuclear magnetic resonance derivative spectra 
of a single crystal of sodium chloride rotated at the rates indi- 
cated. The markers on the recordings are 1,660 c./s. apart 


rate of rotation (800 c./s.), where the first side-spectra 
are well resolved, their intensity relative to that of 
the central portion is in satisfactory agreement with 
theory. At 800 c./s. the expected relative intensity 
of the second side-spectra at +4v, is less than 1 per 
cent, and they have not been observed. 

The second moments of spectra recorded at different 
rotation-rates are given in Table 1 ; the rotation-rates 
were measured photoelectrically. 


Table 1 
Second moment 
(gauss*) 
0-55 
0-56 
0-59 


Second moment 


Vr 
(gauss*) (c./s.) 


Vr 
(c./s.) 
100 0°57 500 


200 0-54 700 
400 0°57 800 

The mean theoretical value of the second moment 
for the static crystal with the magnetic field in the 
(001) plane has been found from Van Vleck’s formula‘ 
to be 0-55 gauss*. This value is in satisfactory 
agreement with the results in Table 1 and verifies 
the invariance of the second moment. 

This experiment shows in a direct manner that the 
relative rotation of nuclei in solids does cause a 
narrowing of the nuclear magnetic resonance spec- 
trum. Moreover, in addition to demonstrating the 
presence of side-spectra and verifying the invariance 
of the second moment within the limits of the 
experimental uncertainty, the experiment also shows 
directly that for spectral narrowing the necessary 
rate of nuclear motion is of the order of the spectral 
width. (The r.m.s. line-width 0-74 gauss is equivalent 
to 833 c./s.) 

E. R. ANDREW 
A. BRADBURY 
R. G. EADES 


Physics Department, 
University College of North Wales, 
Bangor, 
Caernarvonshire. 

Oct. 8. 
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Transmission Electron Microscopy of 
Beryllium 

WE have prepared t’ain films of beryllium in which 
it is possible to observe directly the arrangements of 
dislocations and other structural defects by trans- 
mission electron microscopy. The films were made by 
two methods. 

Beryllium was deposited as thin (0-03-0-05 mm.) 
polycrystalline flake on cool surfaces from metal 
melted by electron bombardment. This flake was 
etched in a dilute aqueous solution of hydrofluoric 
and nitric acids to give specimens suitable for exam- 
ination. The grain-size was about ly. Single-crystal 
specimens were prepared by cleaving a beryllium 
crystal parallel to the basal plane to obtain a flake 
which was ground and polished down to a thickness 
of 0-02 mm. and then etched. Specimens were 
examined using 70-kV. electrons in the prototype 
Metropolitan-Vickers Z.M.6 electron microscope. 

Grain boundaries and single perfect dislocations 
were clearly visible in the evaporated flake. Many 
grains were structurally perfect while others contained 
several dislocations. From the _ electron-optical 
fringes on the grain boundaries the films were shown 
to be several thousand angstrom units thick. 

A low-magnification electron micrograph of a single- 
crystal thin film is shown in Fig. 1. The long, sharp, 
roughly parallel lines make a [1100] trace on the 
basal plane. From this and the fact that they make 
a line-projection on (0001), it may be concluded that 
they are either due to single dislocation lines or to 
[1120] planes. As the difference in contrast on either 
side of them is often quite marked (it is similar to 
that on crossing a well-formed sub-boundary in 
aluminium!.? or germanium®*) there must be a con- 
siderable misorientation associated with them. 
Furthermore, the contrast on them is higher than 
that usually associated with single dislocations ; they 
are therefore planes of a (1120)-type. X-ray and 
conventional metallographic techniques have revealed 
the existence of {1120} planes which are effectively 
tilt boundaries, and which are believed to be im- 
portant in the fracture mechanisms observed in 
beryllium‘. At points such as A in Fig. 1, a boundary 
with a [1100] trace is observed to end in a fan-like 
array of dislocations. This can be understood if this 
boundary consisted of dislocations parallel to the 
basal plane. Coupling the X-ray and metallographic 
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Bend wanes. dislocations and dislocation loops in 


ryllium. (x 40,000) 


evidence with the present observations one may 
conclude that the boundaries consist of edge dis- 
locations stacked normal to the basal plane. It is 
yet to be determined whether these boundaries 
(‘bend planes’) are formed during the growth of the 
crystal from the melt or during cleavage. 

Between the sharp parallel lines in Fig. 1 there 
are randomly oriented lines believed, on the basis of 
similar studies of other materials, to be perfect dis- 
locations more or less in the plane of the specimen. 
Fig. 2 shows bend planes and single dislocations at a 
higher magnification. Closed loops of dislocation line 
also occur ; these are probably due to the condensa- 
tion of vacancies during solidification. The same 
mechanism probably accounts for the highly kinked 
nature of some of the dislocations. 

The dislocation density in the single crystal was 
about 108/em.*: most of these dislocations were 
probably ‘grown in’. 

J. D. Barrp 
O. P. HarTREE 
R. PHILLIPS 


Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berkshire. 

Oct. 7. 


' Hirsch, P. B., Horne, R. W., and Whelan, M. J., Phil. Mag., 1, 677 
(1956). 


* Bradley, D. E., and Phillips, R., Pree. Phys. Soc., B, 70, 533 (1957). 
* Phillips, R. (to be published). 

‘Tuer, G. L., and Kaufmann, A. R., Chapter 7 in “The Metal 
Beryllium”, by White, D. W., and Burke, J. E. (A.S.M., 1953). 


Dispersion of the Stress Optical 
Coefficient of the Alkali Halides 


In recent years the dispersion of the stress optical 
coefficients of diamond!, the alkali halides? and 
magnesium oxide* has been determined in the visible 
range of wave-lengths. The dispersion in fused 
quartz‘.> has also been investigated from 5700 to 
2500 A. The observed dispersion is of the order of 
a few per cent for all these materials. In the 
present investigation the dispersion of the stress 
optical coefficient C = n*(q,,—q,1,)/2 has been determ- 
ined from the visible range to 2400 A. The method of 
measurement combines the differential feature of 
Bansigir and Iyengar’s* method with the photo- 
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Wave-length (my) 
Fig. 1. Dispersion of the stress optical coefficient C = n*(q¢,,;—@12)/2 
of three alkali halides 


graphic method of Jog*. Using fused quartz (pre- 
sented by the Thermal Syndicate to Prof. R. S. 
Krishnan) as the standard, the stress optical coeffi- 
cient of the alkali halides is obtained by determining 
the position of the dark bands in the spectrum of light 
polarized at 45° to the direction of stress and passed 
through the fused quartz specimen loaded suitably, 
the stressed alkali halide crystal and an analyser in 
the crossed position. The position of the dark bands 
is determined by the equation : 
C,W,/t, + CW/t = nr 

where C is the stress optical coefficient of the material 
for wave-length 2; W is the load applied on it; 
t is its thickness and n is the order of the band. 
C,, W, and ¢, refer to the standard and C, W and 
t to the alkali halide used. 

In Fig. 1 are given the curves depicting C as a 
function of wave-length. As the method is differen- 
tial, the accuracy in determining C is not very high. 
For sodium chloride, the mean square deviation of 
the experimental points from the curve is 0-16 
brewsters while for potassium chloride and bromide 
it is 0-3 brewster. In Table 1 the values of (¢1;—412) 
at 4800 A. determined in the present investigation 
are compared with the values in the literature. 


Table 1. (@); 2C/n® FOR THE ALKALI HALIDES (VALUES 


IN BREWSTERS) 


— dz) 














Substance Present value | Value in lit. | Reference 
Sodium chloride 1-12 — 1-17 2 | 
| — 1-18 7 
| Potassium chloride 1-42 1:47 2 
1-85 8 
1°37 7 | 
| Potassium bromide 1-76 1-76 2 
1-70 7 | 
1:58 9 | 


From the curves we see that: (1) in the visible 
region the dispersion is only a few per cent in agree- 
ment with the observations of Bansigir and Iyengar ; 
(2) as one approaches the ultra-violet, the dispersion 
becomes enormous ; for example, in sodium chloride C 
varies from —1-9 at 5800 A. to —4-5 brewsters at 
2500 A., in potassium chloride from +2-4 at 5000 A. 
to —2-0 brewsters at 2450 A. and in potassium 
bromide from +3-4 at 4800 A. to —4-6 brewsters at 
2450 A.; (3) the curves for potassium chloride and 
bromide show that the stress optical coefficient for 
these crystals changes sign at 2550 A. and 2760 A. 
respectively. It therefore appears that these crystals 
which belong to Mueller’s’ class IV (q,, — di, +ive; 
44, —ive) go over to Mueller’s class IT (¢,, — qi2—ive; 
44,—ive Ex. sodium chloride) as one moves into the 
ultra-violet. 

Further work is in progress, and the results will be 
published later. 

My thanks are due to Prof. R. S. Krishnan for his 
interest, to the Thermal Syndicate, Ltd., England, 
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for the gift of the fused quartz specimen and to the 
National Institute of Sciences of India for a research 
fellowship. 
R. SRINIVASAN 
Department of Physics, 
Indian Institute of Science, 
Bangalore, 3. 
Oct. 7. 
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Thermal Contact at Low Temperatures 


MECHANICAL heat switches are becoming of increas- 
ing importance in low-temperature calorimetry, and 
in order to study thermal contact both for this 
practical application and from interest in the mechan- 
ism of heat transfer, we have built the apparatus 
sketched in Fig. 1. This differs from the apparatus 
described by Berman! mainly in the method of apply- 
ing the load by a screw, and measuring it by strain 
gauges cemented to the cantilever. 

Our first experiments were on copper, and two 
typical load cycles are shown in Fig. 2. At 18° K. 
the conductance, Q (the heat flow per unit tempera- 
ture difference across the junction), is proportional 
to ./W, where W is the load. At 4° K. the power of 
W is slightly higher, and the absolute values and the 
dependence on load agree very closely with Berman’s 
results. The dependence on temperature of the con- 
ductance, shown in Fig. 3, is smaller than was found 
by Berman. 

From experiments on electrical contact’, it has 
been found that the radius of the microjunctions, 
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Fig.2. Variation of thermal conductance with load after contact 
had been broken at the working temperature. (Numbers or 
arrows indicate the order in which measurements were made) 


where true contact between metals 
the order of 10-2? cm. Even at 4° K., both the 
electron and phonon mean free paths in copper are 
not more than 10-* cm., so that the theory of a 
spreading resistance* should apply. A junction of 
radius r in a material of bulk thermal conductivity x 
presents a thermal resistance 1/2rx, so that, for n 
junctions in parallel : 


Q= 
The total area of real contact, A, is determined by 
the yield pressure of the material, P. For plastic 
deformation of the asperities, as would occur for an 
increasing load : 


2nrz 


A =nrrt = WIP 
whence : 
Q = 2x(nW/xP)'!* 

Tabor has shown that for steel, » varies roughly 
as 4/W, so that for increasing load Q should vary 
roughly as W*'* in reasonable agreement with our 
results. If the asperities deform elastically on reduc- 
ing the load, A « W*/* and Q should vary as W®-’. 
For the load cycles on copper there is, however, no 
significant difference between the two parts of the 
eyele. 

If we modify Tabor’s results on steel to take into 
account the lower yield pressure of copper, we would 
expect that for a load of 100 lb. applied at room 
temperature, n ~ 20 and r ~ 10°? cm. From the 
observed value of Q, x at 4° K. would be 2 x 10°* 
watts/em. deg., which is remarkably close to the 
lattice conductivity of copper at this temperature. 

The measured electrical conductance is of the order 
of 109 times smaller than corresponds to the heat 
conductance, suggesting that the microjunctions are 
between oxide layers on the asperities of the surfaces, 
with pure copper only in contact over a small fraction 
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of the area. The oxide layer is, however, very thin 
compared with the size of the microjunctions, so that 
the electronic conductivity should be effective over 
the greater part of the constriction. As, in addition, 
the lattice heat conductivity varies as 7'*, while the 
conductance measured in these experiments varies as 
T 8, the similarity between the derived value of 
x at 4° K. and the lattice conductivity must be 
regarded as fortuitous. 

There is evidence* that any non-metallic film on 
gold is broken at very small loads, and the whole 
contact is then electrically conducting. We have, 
therefore, measured the conductance of a gold contact, 
and the results at a load of 100 lb. are shown in 
Fig. 3. The electrical conductance was too high to 
be measured with our existing arrangement, but the 
thermal conductance was equivalent to less than 10 
times our limit of measurement of electrical conduc- 
tance. 

As a gold-gold contact at helium temperatures is 
25 times better than a copper—copper contact. we 
intend to examine the effect of gold-plating the copper 
rods, to avoid the oxide layer. 

In a non-metallic crystal at low temperatures, the 
phonon mean free path can be several millimetres, and 
is thus much greater than the size of the surface 
asperities. We would, therefore, expect the junctions 
to act as apertures for radiation-like heat flow (this 
treatment of heat flow in crystals when the mean free 
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at a load of 95 + 5 lb., applied at room temperature. The 

measurements on the copper-copper contact at helium tempera- 

tures were made on two different days. -—---,Q=9 x 10°*T* 
watts/deg. C. 
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path is long has been used by Casimir®) and for 
apertures of zero thickness, Q@ = }C,,/vA, where C, is 
the specific heat per unit volume and v is the mean 
phonon velocity. We have measured the contact 
between two artificial sapphire crystals, and the results 
for a load of 100 Ib. are shown in Fig. 3. Using the 
hardness to determine A for this load applied at room 
temperature, the above equation gives Q =11 x 10-®7' 
watts/deg. C. From ‘talysurf’ examination, the 
asperities are seen to have a height equal to about 
one-quarter of their diameter, and this would reduce 
the conductance by about 20 per cent. We therefore 
expect to find Q ~9 x 10-®°T* watts/deg. C. This 
calculated curve is shown in Fig. 3 and can be seen 
to agree quite well with the experimental results, 
both in absolute magnitude and in the temperature 
variation. At the lowest temperatures, the experi- 
mental curve should probably be lowered by about 
10 per cent because of heat leaks, which are significant 
at these low values of conductance. We have not 
made this correction as its value is uncertain, but it 
would certainly increase the slope of the experimental 
line. 

Finally, we may mention that we were interested by 
the fact that the heat capacity of diamonds has been 
measured at low temperatures in a copper calorimeter 
without exchange gas*. We measured the thermal 
contact between two copper rods separated by a small 
diamond, and found that the conductance lies between. 
that for two pieces of copper and the conductance 
between two rods of a hard substance like sapphire. 
The values shown in Figs. 2 and 3 are double the 
measured conductances and represent a single copper— 
diamond contact. The short equilibrium time in the 
heat capacity experiments must, therefore, be entirely 
due to the high thermal diffusivity of diamond at low 
temperatures, and is not related to any unusual 
properties of a diamond-—copper contact. 

R. BERMAN 
C. F. MatE 


No. 4650 


Clarendon Laboratory, 
Oxford. Oct. 3. 
‘Berman, R., J. App. Phys., 27, 318 (1956). 


* Tabor, D., “The Hardness of Metals” (Oxford University Press, 1951). 


* Strutt, J. W., Phil. Trans. Roy. Soc., 161, 77 (1871). 

‘ bora’ P., and Williamson, J. P. B., Proc. Roy. Soc., A, 246, 1 
(1958). 

‘Casimir, H. B. G., Physica, 5, 495 (1938). 

* Berman, R., and Poulter, J., J. Chem. Phys., 21, 1906 (1953). Burk» 
D. L., and Friedberg, 8. A., 5th International Conference on Low 
Temperature Physics and Chemistry, Madison 1957, Paper 2-2. 


Effect of the Carrier Gas on the 
Sensitivity of a Thermal Conductivity 
Detector in Gas Chromatography 


It appears to be a popular belief that the use of 
hydrogen or helium as the carrier gas in gas chromato- 
graphy gives the highest sensitivity with a thermal 
conductivity detector, because the difference in 
thermal conductivity between organic vapours and 
hydrogen or helium is greater than for any other 
carrier gas'.*. This is not necessarily true, however, 
for the difference in temperature between the hot wire 
(at ¢,° C.) and the body of the thermal conductivity 
cell (at ¢)° C.) is inversely proportional to the thermal 
conductivity K, of the carrier gas : 


t, — ty = a/K,, where a is constant. 


If the concentration of organic vapour in the carrier 
gas is x, the sensitivity of the detector is proportional 
to: 
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ee 

dx ~ ~ K;* dz 

When «x is small, dK/dx is approximately equal to 
K,—K,, where K, is the thermal conductivity of the 
organic vapour. 


dt y K esi K, 
Hence aG-7 “ Ki w eeneennemaby. 








Thus the sensitivity of the detector is inversely pro- 
portional to the square of the thermal conductivity 
of the carrier gas, and directly proportional to the 
difference in thermal conductivity. It follows that the 
carrier gas with the lowest thermal conductivity will 
give the highest sensitivity ; this has been confirmed 
experimentally by comparing the peak heights 
obtained from the same size of sample with helium and 
with argon carriers. The apparatus was a Griffin 
and George Mk. ILA V.P.C. apparatus, the sample 
was a mixture of equal parts of methane, ethane, and 
propane, and amounts ranging from 0-01 to 0-1 ml. 
were injected ; the relative sensitivities in terms of 
peak height (in.) per ml. of each gas were calculated 
from the average of six determinations with each 
carrier gas and the results were as shown in Table 1. 


Table 1. RELATIVE SENSITIVITIES, AS PEAK HEIGHT (IN.) PER ML. 
OF HYDROCARBON GAS 











Hydrocarbon Helium carrier | Argon carrier 
Methane 116 | 311 
Ethane 98 190 | 
| Propane 25 28 





Of the commoner inorganic gases, carbon dioxide 
(thermal conductivity 1-37 x 10% ergs per cm. per 
sec. per deg. C.)’, nitrous oxide (1-44 x 10%) and 
argon (1-58 x 10%) are likely to give the best results 
with thermal conductivity detectors in gas chroma- 
tography ; sulphur dioxide (0-77 x 10%) and hydro- 
gen sulphide (1-20 x 10%) are probably too reactive 
to use as carrier gases except in special circumstances. 

N. H. Ray 
Research Department, Plastics Division, 

Imperial Chemical Industries, Limited, 
Winnington, Northwich, Cheshire. Oct. 9. 

a aaa Porter, P. E., and Stross, F. H., Anal. Chem., 28, 290 

. dike, H., “Vapour Phase Chromatography”, ed. Desty, D. H., 169 
(Butterworths Sci. Pub., London, 1957). 

3 [International Critical Tables, 5, 213 (ist ed., 1929). 


A Detector for Use with Capillary Tube 
Columns in Gas Chromatography 


A RECENT development in gas chromatography is 
the use of columns made from metal capillary tubing, 
the inner surface of which is coated with a thin layer 
of stationary phase. These columns promise greatly 
enhanced performance and resolution in the separa- 
tion of volatile substances compared with the con- 
ventional packed-powder columns; for optimum 
performance, however, capillary tube columns require 
small-bore tubing, a thin layer of stationary phase 
and a slow rate of gas flow, approximately 1 ml./min. 
The small dimensions of these columns necessitate 
small loads in the region of 1 ygm. of the mixture 
to be separated, otherwise the stationary phase 
would bear excessive concentrations of the various 
components and the resolution of the column would 
suffer. The slow rate of gas flow combined with the 
outstanding resolving power of the columns causes 
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the emergence of the more volatile components in a 
gas volume of only a few yl. These two properties 
of the capillary tube columns impose severe re- 
strictions on the type of detector suitable for observ- 
ing the emergence of vapour from the column. The 
smallness of the load demands high sensitivity, and 
the smallness of the retention volume demands a 
detector with a sensing volume at least as small. A 
detector was reported in which the concentration of 
vapour molecules emerging from the column was 
measured in terms of their ionization following colli- 
sions with metastable rare-gas atoms*. This detector 
is more than sufficiently sensitive for use with the 
capillary columns; it is, however, much too large 
(1-10 ml.) and cannot simply be scaled down in size 
to accommodate the requirements of the capillary 
columns. This communication describes a modified 
version of the detector with a sensing volume in the 
region of 1 wl. 

The large-volume detector previously described 
consisted of an ionization chamber containing a 
source of ionizing radiation sufficient to provide a 
saturation current, usually in argon, of 10-* amp. 
The carrier gas was led directly from the column 
into the ionization chamber. The electrons set free 
in the gas by the radiation were accelerated by the 
potential imposed on the chamber to velocities 
sufficient to excite a proportion of the argon atoms 
to their metastable state; the ionizing collisions 
between these excited atoms and the vapour mole- 
cules as they emerge from the column were observed 
as an increase in ionization current. The relatively 
large volume of this detector was determined prin- 
cipally by the fact that the primary ionization current 
was the product of the gas volume and the radiation 
intensity ; very small volumes would require excessive 
radiation intensities. If, however, in this detector 
the anode is made small compared with the dimen- 
sions of the chamber the greater part of the electric 
field will reside close to the anode surface ; thus the 
only region of the detector in which the primary 
electrons will be sufficiently accelerated to excite the 
argon atoms will be that in the immediate vicinity of 
the anode. This small volume then constitutes the 
sensing volume of the detector. 

Fig. 1 illustrates a practical device based on this 
notion. It consists of an ionization chamber of similar 
dimensions to that previously described with the 
earlier detector, for example, 1 cm. diameter by 
1 cm. deep. Gas from the column is led into the 
chamber along a narrow metal capillary tube which 
could be the end of the column itself. Within the 
chamber the capillary tube is enclosed in a sleeve of 
insulating material, polytetrafluoroethylene, the end 
of this sleeve being widened to form a small cylindrical 
chamber 1 mm. in diameter by 1 mm. deep. One 
end of this small chamber is open to the main 
chamber, and the metal capillary tube terminates 
at the base. The anode consists of a small bead fused 
on to the end of a short length of gold wire ; the wire 
is inserted into the bore of the capillary tube 
until the bead is enclosed by the small chamber. 
The capillary tube, of course, serves as the electrical 
connexion to the anode. When a sealed source of 
ionizing radiation, for example, 10 mc. of strontium. 
90 or 80 uc. of radium D, is inserted in the main 
chamber and a potential of between 500 and 1,000 V. 
applied between the anode and cathode, the argon 
carrier gas is excited to its metastable state almost 
entirely within the confines of the small sensing 
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Fig. 1. The small-volume detector; details of construction: 
(A), inlet for gas from the chromatograph column ; (B), anode ; 
(C), source of ionizing radiation; (D) and (Z£), inlet “by outlet 
for the scavenging gas ; (F), cathode. § , brass; stippled, 
polytetrafluoroethylene 


chamber. To prevent slow changes in response 
caused by the reaction of vapour molecules with 
the smaller concentration of excited atoms in the 
outer chamber a scavenging flow of argon at, say, 
50 ml./min. is passed through the outer chamber. 
Alternatively, a lesser scavenging flow or some other 
gas, say, dry air or nitrogen, may be used. These 
gases are both able to discharge the metastable argon 
atoms without producing ions and so limit the 
response to the small chamber where argon and 
vapour alone are present; they do nevertheless 
serve as efficient sources of primary electrons when 
irradiated by the sealed source. 

The detector here described has been tested with a 
metal capillary column 125 ft. long, 0-01 in. in dia- 
meter and with a thin layer of squalane as the 
stationary phase. An efficiency of 30,000 theoretical 
plates was observed in the separation of a mixture 
of hydrocarbon vapours using a load of 0-3 yugm. 
The response of the detector is closely similar to 
that reported for the large-volume device both in 
terms of sensitivity and response to different sub- 
stances. It is insensitive to small changes in tem- 
perature and pressure, but rather more sensitive to 
rate of gas flow. The response is linear with vapour 
concentration provided a series resistance of between 
1 and 5 x 10° ohms is included in the source of 
applied potential. 

I am indebted to Mr. D. H. Desty of British 
Petroleum, Ltd., for the loan of the capillary column 
and for his help and advice in its use. 

J. E. Lovetock 
National Institute for Medical Research, 
Mill Hill, London, N.W.7. 
Oct. 3. 


* Golay, M. J. E., in ‘Gas Chromatography”, edited by Coates, V. J. 
(Academic Press, New York, 1958). 
* Lovelock, J. E., J. Chromatog., 1, 35 (1958). 




















+A aras oie etenente gan os 


jclphitaaig mice aa 








December 13, 1958 


Formation of Higher Bromo-Complexes 
of Tervalent Gold in Non-Aqueous 
Solution 


TERVALENT gold is usually four-covalent in its 
compounds and possesses @ square-planar arrange- 
ment associated with 5d6s6p? bonding. Complexes 
of gold(III) with a co-ordination number greater 
than four have recently been prepared by Harris 
and Nyholm*. These compounds are of the types 
[Au(diarsine),.X](ClO,), and [Au(diarsine),X ,]ClO, 
(where X = Br or I and diarsine = o-phenylenebis- 
(dimethylarsine)). Bivalent palladium and platinum, 
which possess a similar d* electronic configuration, 
also exhibit co-ordination numbers greater than 
four with this ligand*.‘. 

Harris, Livingstone and Reece® have recently 
reported the formation of the hexabromo-palladate(IT) 
ion in nitrobenzene solution. The reaction of 
bromide ions with the tetrabromoaurate(III) ion 
has now been examined in non-aqueous solution. 
The [AuBr,]- ion resembles the [PdBr,]?- ion in that 
its absorption in nitrobenzene solution in the visible 
region is lowered by the addition of bromide ions. A 
continuous variation study (Fig. 1) in this solvent, 
using a differential spectrophotometric method’, gives 
a maximum optical density depression near a ratio 
of two bromide ions to one [AuBr,]- ion. This sug- 
gests the formation of the [AuBr,]*- ion in this 
solution. 

Measurements were also made on this system in 
nitromethane solution (Fig. 2). The use of this 
solvent enabled the absorption spectrum to be 
measured at shorter wave-lengths and the effect of 
much higher bromide concentrations to be studied. 
The [AuBr,]- ion possesses a very broad absorption 
maximum in nitromethane (Amax. = 394 mp; © = 
4,850). At high bromide concentrations, the intense 
red-brown colour of dilute solutions of this ion is 
discharged with the formation of a very pale yellow 
solution of the [AuBr,]*- ion (Amax, = 379 my; ¢ = 
550). It is possible that species such as [AuBr,]*- 
and [Au,Br,,]*- are also formed in this reaction, and 
this is being further investigated. In this connexion 
it is interesting to note that Bjerrum and Kirschner* 
have shown that [Au(SCN),]* and [Au(SCN),]*- 
ions are formed in concentrated aqueous thiocyanate 
solutions containing tervalent gold. 
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Fig. 1. Continuous variation study on nitrobenzene solutions of 

tetraethyl ammonium tetrabromoaurate(III) and bromide ions 

at 430 my in 0-50-cm. cells at Lt C. The theoretical end-points 
are shown 
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Fig. 2. Absorption spectrum of the tetrabromoaurate(III) ion 


in nitromethane solutions containing various concentrations of 

tetraethylammonium bromide. Cell size,0:50 cm. A, M/1,200 

tetraethylammonium tetrabromoaurate(III); 3B, olution A 

plus 0:1M bromide; C, solution A plus 0°:25M bromide; 

D, solution A containing 0:-5-0-7 M bromide, corrected for 
absorption by tetraethylammonium bromide 


The formation of six-covalent gold(III) complexes 
such as [Au(diarsine),X ,|ClO, has been attributed to 
the use by the gold atom of two additional elongated 
6p6d bonds normal to its usual 5d6s6p* square-planar 
arrangement*®. Six-covalent species such as the 
[AuBr,]*- ion would be expected to possess a distorted 
octahedral structure due to the repulsion effect of 
the filled 5d,? non-bonding gold orbital which points 
along the axis of the two additional Au--Br bonds. 
Such a distorted octahedral arrangement for gold(III) 
has been observed by Elliot and Pauling’ in 
the structure of the compound Cs,[Au/Cl,][Au!Cl,]. 
Here, each gold(III) atom is surrounded by four 
chlorine atoms at 2-42 A. with two further chlorine 
atoms (from [AuCl,]- ions) at 3-1 A. 

C. M. Harris 
I. H. REEcE 


School of Chemistry, 
New South Wales University of Technology, 
Sydney. 
Aug. 13. 
1 Pauling, L., ‘‘“Nature of the Chemical Bond’, 100 (Cornell Univ. 
Press, 1948). 
* Harris, C. M., and Nyholm, R. 8., J. Chem. Soc., 63 (1957). 
* Harris, C. M., and Nyholm, R. 8., J. Chem. Soc., 4375 (1956). 
‘ Harris, C. M., Nyholm, R. 8., and Stephenson, N. C., Nature, 177, 
1127 (1956). 
° Harris, C. M., Livingstone, 8. E., and Reece, I. H., Aust. J. Chem., 
10, 282 (1957). 
6 Bjerrum, N., and Kirschner, A., Kgl. Danske Videnskabernes Selskab, 
, No. 1, 76 (1918). 
7 Elliot, N., and Pauling, L., J. Amer. Chem. Soc., 60, 1846 (1938). 


Use of lron-52 as a Radioactive Tracer 


Two radioactive isotopes of iron, namely, iron-59 
(half-life 45 days) and iron-55 (half-life 3 years), 
have been used extensively for tracer investigations 
in medical and biological studies. We should like to 
direct attention to another isotope of iron, iron-52, 
the physical characteristics of which may be of 
advantage in some investigations. 

The half-life of iron-52 is quoted in the literature 
as 7-8 hr.! and 8-3 hr. *, and our measurements give 
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a figure of 8-4 + 0-1 hr. The isotope decays by 
K-capture or by positron emission, the maximum 
energy of the positrons being 0-8 MeV *. The branch- 
ing ratio is 60 per cent electron capture to 40 per 
cent positron emission‘, All disintegrations give rise 
to a gamma-ray of 170 keV. (Coleman, C. F., private 
communication, 1958). The great majority of them 
result in the formation of manganese-52 (isomeric 
state), which decays with a half-life of 21 min. directly 
to chromium-52, giving a gamma-ray of 1-46 MeV.°. 
The maximum energy of the positrons produced in 
this latter process is 2-6 MeV. A small proportion of 
the events (not more than 5 per cent) produce 
manganese-52 in the ground-state which decays to 
chromium-52, with a half-life of 6 days, so that the 
activity of the ground-state manganese-52 produced 
is very small, and its presence may be ignored or a 
minor correction applied. 

Tron-52 has been prepared in the Medical Research 
Council cyclotron at Hammersmith Hospital, by 
bombarding natural chromium with 30 MeV. alpha- 
particles, the reaction being chromium-50 (a, 2n) 
iron-52. Samples of the resulting iron-52 have been 
separated chemically, initially by Dr. P. Reasbeck 
and afterwards by one of us, giving specimens of high 
specific activity. However, during the bombardment 
the isotope iron-55 is also produced, by the reactions 
chromium-53 («, 2) iron-55 and chromium-52 (a, 7) 
iron-55, the relative amount formed depending on the 
a-particle energy and the target thickness used. 
Since, however, iron-55 produces no radiation other 
than a K-capture X-ray of 6 keV., it is possible to 
measure the radioactivity in counting systems 
insensitive to this isotope. Its presence does, how- 
ever, increase the radiation dose delivered to the 
subject, and must be remembered when human 
applications are being considered. 

It is necessary to consider how far the suitability 
of iron-52 for biological tracer investigations is 
affected by the unstable nature of its daughter 
product. In many experiments this will be of little 
consequence. This is so when the material which is 
being measured can be isolated from active metabolic 
changes, as in the case of plasma samples in blood- 
clearance studies. Here, provided the specimen is 
left for an hour, to ensure that the manganese-52 
(isomeric state) is in equilibrium with the iron, the 
activity of the sample depends solely on the iron 
metabolism of the system from which it was obtained. 
Measurements of plasma clearance, using iron-52, in 
various animals have shown the expected exponential 
patterns. In one animal, a dog, the test was repeated 
a few days later, using iron-59, when a very similar 
result for the time of half-disappearance was 
obtained. 

However, if measurements are to be made while 
metabolic changes are occurring, as, for example, in 
the case of in vivo surface counting, the possibility 
arises that a different metabolism and distribution of 
the daughter isotope will confuse the iron studies. 
There is as yet little information available on the fate 
of atoms formed in tissue as a result of radioactive 
decay. When using iron-52 it is clearly very impor- 
tant to know if the manganese-52 (isomeric state) 
remains at the site of its formation for a time long 
compaved with its half-life, so that the observed 
distribution of radioactivity will be characteristic of 
the distribution of the iron. We have made a limited 
investigation of this problem by injecting some 
iron-52 intravenously into several rats. Some six 
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hours later the rats were killed and various organs 
(liver, spleen, kidney, femur, etc.) rapidly resected. 
The activity in the organs was then followed to 
see if there was any change occurring with a half- 
period of 20 min., such as would occur if the daughter 
product were out of equilibrium with its parent. No 
such change of activity was observed in any of the 
specimens studied. It seems probable, therefore, that 
in these animals the major part of the manganese-52 
(isomeric state) decayed at the sites of its formation. 
If the same is true in man it will then be possi’ le to 
use iron-52 for in vivo studies. 

The fact that iron-52 is a positron emitter may be 
of use when accurate location of the activity is 
desired because coincidence-counting techniques on 
the annihilation radiation would be possible. It may 
thus be possible to give sufficient of the isotope to 
enable studies to be made of the distribution and 
volume of erythropoietic tissue, a point of great 
importance, for example, for the dosimetry of phos- 
phorus-32 therapy in polycythemia and other 
hematological conditions. 

The advantages of iron-52 derive principally from 
its short half-life. This implies that in tests for which 
the isotope is suitable a smaller integral radiation 
dose may be given to the patient. Unfortunately 
the integral radiation dose given when iron-52 is 
used is increased by the presence of the iron-55. 
Initial measurements indicate that the level of iron-55 
activity is unlikely to exceed 50 per cent of that of 
the iron-52 obtained, and it may be possible to reduce 
this by modifications in the production techniques. 
The specific y-ray emission of iron-52 and manganese- 
52 (isomeric state) in equilibrium is 16, and we 
consider that a dose of 3 uc. of iron-52 is sufficient for 
plasma clearance studies if the samples are counted 
in a well-type scintillation counter. This would result 
in @ maximum radiation dose to the blood of the 
patient of about 15 mr. from the iron-52, and, 
assuming a 600-days effective half-life, of approxi- 
mately 200 mr. from the iron-55. This compares 
with approximately 300 mr. from 3 uc. of iron-59, 
though because of its lower specific y-ray emission 
more than this quantity would be required to give 
similar counting accuracy. 

The principal value of iron-52 appears to lie in the 
fact that it enables studies of plasma iron turnover 
and early surface counting to be repeated at short 
intervals. It must be remembered, however, that 
studies of iron absorption and of red cell utilization 
are not possible with this isotope as they require a 
period of days or weeks for completion. Serial tests 
using iron-52 should considerably simplify the study 
of various problems such as the effects of ionizing 
radiations, applied generally or locally, and of cyto- 
toxic substances on erythropoiesis. Similarly, the 
effect of altered physiological conditions on iron 
metabolism and the value of treatment techniques 
in cases of abnormal iron states could be eluci- 
dated. 

The different physical properties of iron-52 make 
it possible for it to be used in conjunction with iron-59 
in double labelling experiments. 

We should like to thank Dr. C. A. P. Wood and 
Mr. G. R. Newbery for encouragement and advice. 
We are grateful to the cyclotron team for their work 
in producing the isotope. We are indebted to 
Mr. W. J. Dempster, Dr. I. Doniach and Dr. C. 
Osorio for advice and help with the animal experi- 
ments. The work of one of us (L. 8S.) has been 
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Use of lon Exchange Resins in preparing 
Water of High Purity 


A RECENT communication! directed the attention 
of research workers to the fact that de-ionized water 
could contain traces of colloidal polyelectrolytes 
derived from the anion exchange resin, and that the 
presence of such particles in the effluent could have 
an effect upon the properties of monolayers and impose 
a positive charge upon the walls of glass cells. 

In the vast majority of applications the presence 
of minute traces of organic nitrogenous material is 
of no practical significance, and the remarkable ionic 
purity of mixed-bed de-ionized water, coupled with 
the ease of its preparation and its cheapness, makes 
it far more attractive than distilled water, which 
nearly always contains carbon dioxide and silica 
together with varying significant traces of metallic 
10ns. 

Where ‘pure’ water is required for work of the most 
critical nature, a mixed-bed ion exchange column 
may be used providing certain precautions are taken. 

In the first place, fresh resins as obtained from 
manufacturers should not be used. In particular, the 
anion exchange resin should first be eluted and then 
alternately regenerated with caustic soda and 
exhausted with sodium chloride solution two or 
three times. In this way, degenerated nitrogenous 
materials remaining on the resin from the manufac- 
turing process are removed. The cation exchange 
resins should be similarly treated by being passed 
through the hydrogen—sodium cycle. 

After complete regeneration the resins should be 
thoroughly washed with distilled water (100 gallons/ 
cu. ft. anion resin and 75 gallons/cu. ft. cation resin) 
at a flow rate of 0-5 gallon/cu. ft./min. and should 
then be intimately air-mixed in the proportion 2 
anion resin: 1 cation resin, by volume. 

The column should be of polyethylene, ‘Perspex’ 
or ‘Pyrex’ (not soda glass) and should be not less 
than 3 in. in diameter. A minimum of depth of bed of 
24 in. should be used. In a narrow column the resin- 
glass interface surface—volume ratio is poor and in a 
short column the contact time at the optimum flow 
rate is inadequate. The bottom filter should be of 
close-woven nylon or of a similar material, or else 
consist of a No. 1 porosity sintered ‘Pyrex’ disk. 

The effluent should be passed through a further 
small column containing sulphonated polystyrene 
resin in the hydrogen form cross-linked 1-2 per cent. 
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Alternatively, the filter may take the form of a 
‘Pyrex’ or polyethylene tube loosely packed with 
platinum wool maintained at a high negative potential 
above earth. 

A particle of water introduced at the top of a 
column may reach the bottom in any of the following 
three ways: (1) by migration through the interstitial 
bead lattices; (2) by leakage between the beads ; 
(3) by leakage between the resin column and the 
container walls. 

Of these three methods of transit the first is clearly 
the only desirable one, and the probability of this 
method of transit occurring is favoured by using a 
column having a large volume—wall surface ratio and 
an adequate length. 

In the lowest resin zones the column ceases to 
behave as a mono-bed owing to the random distri- 
bution of resin beads, with the result that binary and 
tertiary groups formed by the degeneration of 
quaternary ammonium groups may hydrolyse and 
go into solution. The cation resin filter will remove 
such components either by surface effect or by ion 
exchange, with the production of water. Colloidal 
particles of anionic resin will tend to be similarly 
adsorbed. Such particles will also be attracted to 
and retained upon a negatively charged surface. 

I. RaLeicu 
The County Water Softener Co., Ltd., 
34 Victoria Street, 
London, S8.W.1. 
Oct. 22. 
? Schenkel, J. H., and Kitchener, J. A., Nature, 182, 131 (1953). 

THE instructions which Mr. Raleigh has given for 
preparing de-ionized water of high purity are valuable 
and timely ; they should be of interest to research 
workers in many fields. Evidently, with a little extra 
trouble one can now consistently prepare water of 
markedly higher purity than is commonly obtained 
from small laboratory mixed-bed columns, and 
research workers requiring water of extremely low 
ionic content should obviously take this extra trouble. 
But caution is still needed in using such water for 
critical studies. 

First, the conductivity of the water should always 
be checked, using an apparatus suitable for resis- 
tivities around 5-20 megohm. cm.-! (which many 
conductivity meters are not), and its value should be 
stated in published work as proof of the quality of 
the water. The ‘best’ de-ionized water!.* has a 
conductivity of about 0:07 umho em.-! at 20° C., 
compared with 0-1-0-5 commonly obtained from 
small mixed-bed columns. I suggest that ‘high 
quality de-ionized water’ be defined as having a 
specific conductivity of not more than 0-1 ymho em.-'. 

Secondly, our original warning* against the use of 
de-ionized water for research in surface chemistry must 
still stand, even for high-quality water. The reason 
is that it still contains unknown, uncontrolled traces 
of surface-active substances of high molecular weight. 
In ordinary de-ionized water these impurities can be 
detected by chemical analysis and by their effects on 
surface tension and on the surface charge of glass. 
The amounts present in high-quality water are 
doubtless much smaller, but they constitute an 
insidious source of danger because they can accum- 
ulate at certain surfaces. A rough calculation of the 
mass of a monolayer sufficient to lower the surface 
tension of water in a Langmuir trough by 1 dyne 
em.-! (an easily measurable effect) shows that it 
amounts to only about 0-006 part ver million parts 
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of the underlying water. Since there is no means of 
guaranteeing absence of organic impurities down to 
this infinitesimal concentration (the impurities pos- 
sibly including weak electrolytes), the only safe 
course is entirely to avoid using de-ionized water in 
critical research in surface chemistry. Triply-distilled 
water condensed in silica, having a conductivity of, 
say, 0-3 umho em.-!, is preferable to de-ionized water 
of conductivity 0-07 umho because the trace impuri- 
ties in the distilled water are not highly surface-active 
whereas those in the de-ionized water are. 
J. A. KrrcHeNnerR 

Department of Chemistry, 

Imperial College of Science and Technology, 
London, 8.W.7. 

* Akeroyd, E. I., and Kressman, R., Chem. and Indust., 189 (1950). 
* Jacobs, S., Chem. and Indust., 944 (1955). 
* Schenkel, J. H., and Kitchener, J. A., Nature, 182, 131 (1958). 


Photosynthesis of Amino-Acids from 
Paraformaldehyde involving the Fixation 
of Nitrogen in the Presence of Colloidal 

Molybdenum Oxide as Catalyst 


Apart from the various physico-chemical methods 
used in industry for the fixation of atmospheric 
nitrogen, it is well known that quite a number of 
micro-organisms! are able to fix under mild con- 
ditions a considerable quantity of atmospheric nitro- 
gen. In this bacterial fixation, it has been observed that 
molybdenum takes a prominent role? as a catalyst. 

The possibility of achieving amino-acid synthesis 
without the help of micro-organisms has involved 
also some aspects of the problem of the origin of 
life. Oparin*, Urey‘ and Bernal® have stressed the 
idea that life is based upon organic compounds which 
were formed when methane, ammonia, water and 
hydrogen were the components of the atmosphere. 
Miller* succeeded in testing this hypothesis, producing 
amino-acids synthetically by circulating methane, 
ammonia, water and hydrogen past an electric 
discharge. 

Bahadur’ observed that when an aqueous mixture 
of paraformaldehyde and potassium nitrate, in the 
presence of ferric chloride as a catalyst, is exposed 
to sunlight, about a dozen amino-acids are formed 
in it. We have now investigated the possibility of 
nitrogen fixation without the help of bacteria and 
subsequent utilization of the fixed nitrogen in the 
formation of amino-acids, in an aqueous mixture 
containing paraformaldehyde as the source of carbon 
and colloidal molybdenum oxide as catalyst, by 
merely exposing the mixture to a 500-W. electric 
light. 

To detect amino-acid formation, we used circular 
paper chromatography*. The sensitive ninhydrin 
test for amino-acids was helpful in detecting even 
a trace of amino-acids formed in the experiments. 
Heating the paper on an electric heater helped in 
developing the rings of even those amino-acids which 
were present in extremely small quantities. 

Two mixtures each containing 5 gm. of para- 
formaldehyde, 200 c.c. of distilled water and 10 c.c. 
of colloidal molybdenum oxide were prepared in 
500 c.c, conical flasks. The flasks were plugged with 
cotton -wool and sterilized. To be sure that there was 
no trace of any amino-acid as impurity in the mixture 
at the beginning, a sample of each was tested chrom- 
atographically. Both the mixtures gave negative 
results. One of these flasks was covered with a thick 
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black cloth, and both were then kept 45 cm. below a 
500-W. electric bulb and exposed to light for 600 hr. 
After exposure, both mixtures were tested for 
sterility and chromatographically for the presence 
of amino-acids. The circular chromatograms of the 
mixture exposed to light showed the presence of 
rings with Ry values of glycine, alanine, valine, 
histidine, glutamic acid, aspartic acid and ornithine, 
according to our calibration. Of these, the glycine 
and alanine rings were very distinct, whereas the 
other amino-acid rings were faint. Chromatograms 
of the mixture which was kept covered with black 
cloth and was thus deprived of the influence of light 
showed extremely faint rings of glycine and alanine. 
The above experiment is consistent with the hypo- 
thesis that paraformaldehyde when mixed with 
colloidal molybdenum oxide and water and exposed 
to light fixes atmospheric nitrogen, and this fixed 
nitrogen soon appears as amino-acids in the mixture. 
This conclusion is dependent on the results obtained 
by use of a chromatographic method which is con- 
sidered quite definite for identification of amino- 
acids. We are trying now to provide additional 
evidence of amino-acid photosynthesis. 
We are grateful to Dr. R. Bianco for his assistance 
in various phases of this work. 
K. BAHADUR 
S. RANGANAYAKI 
L. SANTAMARIA 
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Influence of Amino-Acids on Actinomycin 
Biosynthesis 


A NUMBER of nutritional and cultural factors have 
been shown to influence the qualitative and quantita- 
tive nature of the actinomycin mixture produced by 
a given Streptomyces'->. In particular, the nitrogen 
source supplied may affect the composition of the 
complex formed®. Generally, it has been possible to 
change the proportion of any particular component 
in a natural mixture to a limited degree; in a few 
instances, however, a component normally produced 
in small amounts may increase to the extent that it 
represents the major constituent of an actinomycin 
complex. For example, we have observed‘ that 
actinomycin-V was the major component in the 
actinomycin mixture produced by Streptomyces 
antibioticus when t-threonine was sole nitrogen 
source, whereas actinomycin-IV represented the main 
constituent when t-glutamic acid was employed’. 
Schmidt-Kastner has shown that actinomycin-IV (C,) 
increased from 10 to 83 per cent of the actinomycin 
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mixture formed by S. chrysomallus when 0-5 per cent 
pi-valine was added to a glycerol—nitrate medium‘. 

In the course of an investigation of the biosynthesis 
of the actinomycins produced by a strain of S. anti- 
bioticus, we have made observations regarding the 
marked influence of suitable amino-acids upon the 
relative amount of any one of the naturally produced 
actinomycins. The technique employed has been the 
following. Washed cells of the organism, previously 
grown in N—Z amine medium for 48 hr. on a rotary 
shaker at 28° C., were inoculated into a chemically 
defined medium composed of (per cent): D-galact- 
ose, 1:0; x-glutamic acid, 0:2; K,HPO,, 0:1; 
ZnSO,-7H,O, 0-0025; MgSO,-:7H,0O, 0-0025; 
CaCl,-2H,O, 0:0025 ; FeSO,-7H,0, 0-0025 ; distilled 
water, pH 7-2—7-3. When production of actinomycin 
began (1-2 days) a given concentration of an amino- 
acid (0-001-0-25 per cent) was added to a number of 
flasks of the growing culture. After an additional 
production period of three to seven days, the actino- 
mycin mixture synthesized was harvested and the 
actinomycins present were separated by means of a 
circular paper chromatographic technique previously 
described’. The actinomycins separate as yellow 
zones On @ papergram, thus facilitating their detection. 
The relative percentages of components in a mixture 
were determined by a spectrophotometric method’. 

As revealed in Table 1, actinomycin-IV represents 
the major component of the actinomycin complex 
produced by S. antibioticus in the glutamic acid 
medium. Addition to the medium of one or another 
amino-acid, for example, hydroxy-t-proline, sarcosine 
n-acetylglycine, or L-isoleucine, brought about signi- 
ficant quantitative changes in the actinomycin 
complex synthesized. Components normally produced 
in small or even trace amounts were found, under the 
specific conditions now employed, to represent major 
constituents of such mixtures. Moreover, not only 
was the nature of the amino-acid important, but also 
the level added to growing cultures was significant 
in bringing about the changes observed. Results 
obtained in an experiment using different concentra- 
tions of sarcosine are presented in Table 2. 

The precise role of an amino-acid in modifying the 
biosynthetic reactions leading to actinomycin forma- 
tion is unknown at the present time. The actino- 
mycins represent a group of chromopeptides®.®, and, 
therefore, an amino-acid might be incorporated 
directly into certain actinomycin peptides or be 


Table 1. INFLUENCE OF AMINO-ACIDS ON ACTINOMYCIN SYNTHESIS 


PRR 
Concen- 
tration | 
of | 
Medium amino- Relative percentage of | 
acid actinomycin components } 
added 
(percent) | 
L ii. Gt -av Vv * 
| Ghatamic acid 
medium 0-0 6-4 2:3 3-2 68:3 17:2 26) 
2 Glutamic acid | 
medium + hyd- | 
roxy-L-proline 0-25 31:0 3°38 7:1 25:3 30:0 3-0 


Glutamic acid | 
medium + sar- | 
cosine 91 256 35°0 24-4 5:9 0-0) 
Glutamic acid 
medium + N- 
acetylglycine 
Glutamic acid 
medium + L- 
isoleucine 


o_ 


0-25 8-1 2-0 3-2 32-7 51:1 3-0 | 


4-7 2:8 58 17°2 30:6 38:9 
| 


0°25 











* Denotes an unidentified component which moves faster than 
component V in circular paper chromatography. 
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Table 2. INFLUENCE OF SARCOSINE CONCENTRATION ON ACTINOMYCIN 
SYNTHESIS 














Concentration of 
sarcosine added | Relative percentage of actinomycin components 
(per cent) 
I II iil IV Vv 
0-0 6-2 2-1 2-3 80-4 8-4 
0-001 5:3 9-2 11-9 63-5 10°1 
| 0-005 6:5 21-2 30-8 35-9 56 
0-05 9-1 25°6 35-0 24-4 5-9 
| 








serving as a precursor for one naturally produced in 
limited amounts. Possibly it may interfere with the 
incorporation of an amino-acid into certain peptides, 
thereby inhibiting their formation and enabling 
greater synthesis of others instead®. Additional 
studies are necessary to learn how an amino-acid 
influences the reactions concerned with formation of 
this group of antibiotics. 

This investigation was supported by a research 
grant from the U.S. Public Health Service and by 
funds supplied by the Rutgers Research and Educa- 
tional Foundation. 

Epwarp Katz 
Wii11am A. Goss 
Institute of Microbiology, 
Rutgers, The State University, 
New Brunswick, New Jersey. 
Sept. 24. 
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A New Synthesis of the Pentapeptide 
L-Histidyl-L-Phenylalanyl-L-Arginyl-L- 
Tryptophyl-Glycine and its Melanocyte- 
stimulating Activity 


A syntussis of the pentapeptide H.His-Phe-Arg- 
Try-Gly.OH along classical lines has recently been 
described by Hofmann et al.'. The amino-acid 
sequence of this peptide, which occurs in adreno- 
corticotropic (ACTH) and melanocyte-stimulating 
(MSH) hormones*, presents a number of considerable 
difficulties for chemical synthesis, chiefly owing to 
the presence of tryptophan, arginine and histidine. 
In this communication, we wish to report the synthesis 
of this pentapeptide in a stepwise manner beginning 
at the C-terminus with the p-(p’-methoxy-phenylazo)- 
benzyloxy carbonyl group (MZ group), described by 
one of us*, used as the amino-protecting agent. In 
addition, the p-toluenesulphonyl (tosyl) group was 
introduced to protect the guanidino group of arginine, 
since this protecting group resists catalytic hydro- 
genation and is easily removed by sodium in liquid 
ammonia. When the peptide was assayed either in 
the hypophysectomized frog or on frog skin in vitro, 
it was found to possess melanocyte-stimulating 
activity. 

Cyanomethyl carbobenzoxy L-tryptophanate* was 
condensed with methyl glycinate to give Z.Try- 
Gly.OCH;. The dipeptide ester resulting from 
catalytic hydrogenation in the presence of palladium 
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was condensed with N¢-MZ-N®&-tosyl-L-arginine [pre- 
pared by treating MZ-L-arginine® with tosyl chloride, 
or by tosylating carbobenzoxy-t-arginine, removing 
the carbobenzoxy group and treating the N@-tosyl 
arginine (Rr=0-36 in system A) with MZ-chloride ; 
the product, N*-MZ-N@-tosyl-L- arginine: m.p. 
115° C.; [«Jp = +6-1, 1 per cent in CH,COOH ; 
R4 = 0-61 (system A), 0-38 (system B) ] by means of 
reaction with dicyclohexyl carbodiimide (DCCT)', to 
give the amorphous MZ.Arg(N@-tos)-Try-Gly-OCH,, 
the R$ of which equals 0-70 in system A, 0-26 in 
system B, and 0-63 in system C. (R4 designates Ry 
values on the fully acetylated paper of Schleicher and 
Schuell. System A is n-BuOH/CH,COOH/H,O, 
4:1:1; B is the lower phase of CCl,/CH,;0H/ 
pyridine/water, 4:2:1:1,; C is the upper phase of 
this system. D is the system n-BuOH/pyridine/ 
CH,COOH/H,O, 30:20:6:24; Rp values were 
obtained with Whatman No. 1 paper.) Catalytic 
reduction with 10 per cent palladium on charcoal in 
neutral solution released colourless H.Arg(N®-tos)- 
Try-Gly-OCH,, R# = 0-76 in system A and 0-89 in 
system D, which gave a positive reaction with 
ninhydrin and the Ehrlich reagent. This compound 
was combined with MZ-1-phenylalanine* by means 
of reaction with DCCI, and the product was purified 
in a column of acetylated cellulose (system (C). 
MZ.Phe-Arg(N@-tos)-Try-Gly.OCH, was obtained in 
crystaiiine form: m.p. 130° C., [«]p = —9-0°, 1 per 
cent in CH,COOH, R4 = 0-36 (system C). The 
absorption spectrum indicates 3 peaks at 290, 350 and 
430 my with EZ 9,700, 24,700 and 4,500 respectively 
(ethanolic solution). H.Phe - Arg(N@ - tos) - Try - 
Gly.OCH,, obtained by catalytic hydrogenation as « 
colourless glassy product (Rr = 0-84, system A), was 
further condensed with N¢-MZ-N!™-benzyl-1-histi- 
dine, giving MZ.His(N'™-benzyl)-Phe-Arg(N@-tos)- 
Try-Gly.OCH, in the form of yellow microscopic 
platelets, m.p. 132° C., [«]p—6-0, 1 per cent in 

CH,COOH, R4 = 0-19 (system B); the spectrum 
shows 3 peaks at 290, 350 and 432 my with EZ 11,700, 
31,900 and 1,640 respectively. Hydrogenation over 
10 per cent palladium on charcoal and saponification 
with barium hydroxide yielded H.His{N'™-benzyl)- 
Phe-Arg(N@-tos)-Try-Gly.OH: Rr = 0-68 (system 
A) and 0-92 (system D). Treatment of this product 
in dry liquid ammonia at —30° C. with 20 equivalents 
of sodium for a short time, conversion of the resulting 
peptide to dihydrochloride, and extraction into glacial 
acetic acid gave the dihydrochloride of H.His-Phe- 
Arg-Try-Gly.OH as a colourless glassy product, 
Ryis = 1-92 (system A), which gave a _ positive 
reaction with ninhydrin and the Pauly, Sakaguchi 
and Ehrlich reagents; amino-acid analysis of the 
peptide by the Levy method* and by the spectro- 
photometric procedure of Goodwin and Morton’ gave 
the molar ratio: His/Phe/Arg/Try/Gly = 0-9/1-1/ 
1-1/1-G/1-0. The product was completely split by 
trypsin at pH 7 to give H-His-Phe-Arg-OH (Rr = 
0-11, system A) and H-Try-Gly-OH (Rp = 0-42, 
system A); reaction with chymotrypsin at pH 9 
resulted in total cleavage of the peptide to H.His- 
Phe.OH, (Rp = 0-11, system A), H.Arg-Try.OH 
(Rr = 0:16, system A) and glycine (Rp = 0-23, 
system A). 

The synthetic pentapeptide, when assayed for 
melanocyte-stimulating activity both on isolated frog 
skin* and in hypophysectomized Rana pipiens, was 
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found to possess an activity of 3 x 10 MSH units per 
gm. A hexapeptide, H-Glu-His-Phe-Arg-Try-Gly.-OH, 

synthesized by H. Kappeler in the laboratory of 
one of us (R. 8.) at Basle by conventional coupling of 
Glu, His-Phe-Arg, and Try-Gly, has been aranyed for 
MSH activity and found to be more active (2 x 10° 
units per gm.) than the pentapeptide herein reported. 
It is of interest to note that Hofmann eé¢ al.* reported 
the synthesis of an octapeptide, H.Ser-Met-Glu(NH,)- 
His-Phe-Arg-Try-Gly.OH, with an MSH activity of 
7 x 10° units per gm. When solutions of the synthe- 
tic product (1 mgm./ml.) in 0-1 M sodium hydroxide 
were kept at 100° C. for 15 min., the resulting pro- 
ducts exhibited the characteristic ‘prolongation’ 
activity in hypophysectomized frogs found in MSH 
and ACTH preparations* that have been treated in a 
similar manner. Analysis by the Levy procedure® of 
the pentapeptide after alkali-heat treatment showed 
that the arginine residue has been partially converted 
into ornithine. (Earlier preliminary studies with 
I. I. Geschwind using MSH, ACTH and crude peptide 
preparations gave similar conclusions.) Whether or 
not the ‘prolongation’ effect is due solely to the 
modification of arginine in the peptide remains to be 
investigated. Further studies of these problems are 
in progress. 

This work is supported in part by the U.S. Public 
Health Service (G—-2907). The synthesis was carried 
out by one of us (R. 8.), and we wish to acknowledge 
the able assistance of D. Chung and W. Lilly in the 
course of these investigations. 
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Determination of Indole Acetic Acid 
by the Salkowsky Reaction 
RECENTLY attention has been focused on the 
reaction of indole acetic acid with ferric ions. Cohen 
et al.1 have shown that indole acetic acid forms a 
chelate with iron at acid pH and this has been con- 


firmed by Recaldin and Heath*. The latter state that 
at pH 2-6 iron slowly decomposes the indole acetic 
acid in the solution. The oxidation of indole acetic 
acid by ferric salts is the basis of the colorimetric 
determination of the acid based on the Salkowsky 
reaction*-*. It is generally supposed that these 
reactions measure the formation of a coloured oxida- 
tion compound of indole acetic acid formed at very 
acid pH in the presence of ferric chloride. 

Chance observation in this laboratory (by Blumen- 
thal-Goldschmidt) showed that the tsual Tang— 
Bonner reagent gives a different and stronger colour 
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Fig. 1. Relation between concentration of indole acetic acid 
and intensity of colour as produced by various reactions. 
<— x, Tang-Bonner reagent, optical density at 530 my; 
O—QO, reagent prepared with trichloroacetic acid, optical 
density at 545 mu; O©O—O, reaction for ferrous iron produced 
by oxidation of indole acetie acid, optical density at 730 mu 


with indole acetic acid in the presence of trichloro- 
acetic acid. This reaction has been investigated in 
greater detail. It was found that.a reagent for indole 
acetic acid could be prepared in 5-6 N trichloroacetic 
acid containing 30 ml. of 0-5 N ferric chloride per 
800 ml. trichloroacetic acid, which gives a stronger 
stable colour with indole acetic acid under the same 
conditions as the Tang-—Bonner reagent‘. The 
absorption maximum of this compound was slightly 
different from that of the Tang—Bonner reagent, 
namely, at 545 my. A comparison of the two 
reactions is shown in Fig. 1. The trichloroacetic acid 
reagent shows the same break in linearity of relation 
between concentration and colour as does the Tang— 
Bonner reagent‘ and that of Gordon and Weber’. 

It seemed of interest to determine the fate of the 
iron during the Tang—Bonner reaction. Possibly ferric 
iron is quantitatively reduced to ferrous iron. 1 ml. 
of Tang—Bonner reagent was added to suitable samples 
of indole acetic acid in 1 ml. water and the reaction 
mixture allowed to stand for half an hour at room tem- 
perature. At the end of this period 6 ml. of 0-2 per 
cent potassium ferricyanide (freshly prepared in boiled 
distilled water) was added and the mixture was 
allowed to stand for a further half-hour. The 
intensity of the bluish-green colour of Turnbull’s 
blue was measured at 730 my. As will be seen from 
Fig. 1, a straight-line relationship exists between the 
intensity of the colour and the concentration of indole 
acetic acid in the reaction mixture. The breaks 
occurring with the other reactions do not appear. 

It seems clear that, under the conditions used, indole 
acetic acid reduces ferric iron quantitatively to the 
ferrous state. The breaks in the curves with the 
Tang—Bonner and similar reagents must be due to 
changes occurring in the oxidation product of indole 
acetic acid. The estimation of ferrous iron formed due 
to the interaction of ferric iron with indole acetic acid 
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could form the basis of a quantitative determination 
of the latter. 
A. M. MAYER 
Botany Department, 
The Hebrew University, 
Jerusalem. 
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The Spontaneous Change of 
Ferriprotoporphyrin in Alkaline Solution 


THERE are repeated suggestions in the literature 
that ferriprotoporphyrin in alkaline solution is 
unstable. Haurowitz! observed a decreased diffusion 
rate with time, and Shack and Clark? noted changes in 
the visible spectrum. Both these observations were 
interpreted as resulting from an increase in particle 
size. Rosenfeld and Surgenor* found that ferriproto- 
porphyrin could be separated from the alkaline 
conversion product by differences in solubility in the 
two-phase system, n-butano] and pH 9-6 bicarbonate 
buffer. In spite of these and other observations, the 
nature of the reaction remains unknown. In this 
communication we present spectrophotometric evid- 
ence that a chemical change occurs in ferriprotopor- 
phyrin on standing in an aerated alkaline solution, 
and that the change is probably a modification of the 
vinyl side-chains. 

We have found that in the presence of air and in 
0:1 N sodium hydroxide the Soret peak of a 10-5 M 
solution of ferriprotoporphyrin decreases about 30 
per cent in 20 days and then very little more with 
additional time. This coincides with the change in 
the visible absorption spectrum observed by Shack 
and Clark*. The rate of the reaction is affected by 
the concentration of sodium hydroxide. For a 10-' M 
solution of ferriprotoporphyrin the decrease in the 
Soret peak in 12 days was about 29 per cent for 
0-1 N sodium hydroxide, 13 per cent for 0-01 N, 
and 6 per cent for 0-001 N. Substances which ¢o- 
ordinate with iron also reduce the rate of the reaction 
(Table 1). The rate is very greatly decreased when the 
iron is complexed with cyanide or pyridine as it is in 
0-5 M potassium cyanide and 1-2 M pyridine‘. 

The alkaline conversion product was prepared by 
storing ferriprotoporphyrin in 0-1 N sodium hydroxide 
for at least three weeks. The pH was reduced to 9-6 
with carbon dioxide, and unchanged ferriprotopor- 
phyrin was extracted with butanol*. The pigment 
was precipitated from the buffer solution with acid 
and thoroughly washed with water, alcohol and ether. 

To show that the iron atom had not been altered 
in some way during the reaction it was removed by 














Table 1. Errect oF ADDITIVES ON SPONTANEOUS CHANGE OF 10-5 M 
FERRIPROTOPORPHYRIN IN 0-1 WN SopIumM HYDROXIDE 
Per cent 
Final decrease 
concentration Additive Soret peak 
(M) at 13 days 
None 26 
10-* Sodium chloride 25 
10-* 8-Hydroxy quinoline 16 
10-* Sodium diethyldithiocarbamate 5 
a. Potassium cyanide 12 
>, ” 2 
12 Pyridine 2 
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Fig. 1. 


the method of Morell and Stewart®. The resulting 
porphyrin had absorption maxima in glacial acetic 
acid 4 my toward shorter wave-lengths than proto- 
porphyrin. The porphyrin also differed from proto- 
porphyrin in that most of the pigment precipitated 
from an ether-acetic acid solution when the acetic 
acid was extracted. 

This slight shift toward shorter wave-lengths also 
occurs in the spectra of the reduced cyanide and 
pyridine derivatives of the alkaline conversion 
product. The maxima in 25 per cent aqueous pyri- 
dine and dithionite are at 522 and 552 my and in 
0-5 M potassium cyanide, 0-1 N sodium hydroxide 
and dithionite at 536 and 564 mu. The corresponding 
ferriprotoporphyrin derivatives are at 525 and 556 my. 
and at 538 and 568 my, respectively. Since the posi- 
tion of the visible absorption peaks of such deriva- 
tives of ferroporphyrins has been deduced by Drabkin‘ 
to be attributable to the nature of the side-chains in 
the 2 and 4 position, the spectral data then suggest 
that the vinyl groups have been altered. 

Further evidence that the vinyl side-chains are 
involved can be found by comparing the ‘ageing’ 
reaction with the irradiation reaction’. The change 
in the visible absorption spectrum of ferriprotopor- 
phyrin in 0-1 N sodium hydroxide after standing 20 
days is very similar to the change after exposure to 
15,000 r. of gamma radiation. The absorption peaks 
of the alkaline conversion product in 25 per cent 
pyridine and dithionite are also at almost the same 
wave-lengths as those of the pigment from irradiated 
ferriprotoporphyrin in the same solvent. If the 
reaction in alkaline solution with time is the same as 
that resulting from 15,000 r., then irradiation of an 
‘old’ solution of ferriprotoporphyrin in 0-1 N sodium 
hydroxide should result only in the second phase of 
the irradiation reaction. Fig. 1 shows the decrease 
of the Soret peak with increasing doses of gamma 
radiation for a sample of a freshly prepared solution 
of ferriprotoporphyrin in 0-1 N sodium hydroxide 
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and for a 52-day-old sample of the same solution 
The decrease is exponential throughout for the old 
solution, and the rate is about the same as that of the 
exponential decrease of the fresh solution. Also shown 
in Fig. 1 is the decrease in the Soret peak of ferri- 
deuteroporphyrin in 0-1 N sodium hydroxide. 
Here, too, the rate of decrease is exponential. Further. 
more, unlike ferriprotoporphyrin, the absorption 
spectrum does not change when ferrideuteroporphy- 
rin in 0-1 N sodium hydroxide is kept for 6 months. 
From this, and the evidence in Table 1, it clearly 
follows then that the vinyl side-chains as well as an 
uncomplexed central iron atom are necessary for the 
reaction. The iron apparently is involved in an inter- 
mediate step, whereas the observed chemical change 
seems to be due to an alteration of the vinyl side. 
chains. No evidence has been obtained as yet con- 
cerning the molecular weight of the alkaline conversion 
product. Polymerization of various vinyl compounds 
is well known® and this would be consistent with the 
observation of Haurowitz?. 

This communication is based on work performed 
under Contract AT'-04-1-GEN 12 between the U.S. 
Atomic Energy Commission and the University of 
California, Los Angeles. j 


Mary-Louise RoruscHitp 
LAWRENCE S. Myers, Jun. 


Department of Nuclear Medicine and 
Radiation Biology and Department of Radiology, 
School of Medicine, 
University of California, 
Los Angeles. 
Sept. 30. 
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Protection by Oximes of bis-Pyridinium 
lons against Lethal Diisopropyl 
Phosphonofluoridate Poisoning 


THE monoximes and dioximes of bis-pyridinium 
ions are considerably more effective than any other 
known compound in re-activating acetocholinesterase 
inhibited by tetraethyl pyrophosphate and in pro- 
tecting mice against lethal tetraethyl pyrophosphate 
poisoning’. Equally favourable results have now 
been obtained in experiments in which diisopropy] 
phosphonofluoridate was used instead of tetraethy] 
pyrophosphate. Tables 1 and 2 show the effectiveness 
(relative to pyridine-2-aldoxime methiodide) of four 
oximes of bis-pyridinium ions in restoring the activity 
of acetocholinesterase freshly inhibited by ditsopropy] 
phosphonofluoridate, and the protection given by 
0-095 m.mole/kgm. of the same compounds against 
lethal poisoning by diisopropyl phosphonofluoridate 
in mice. Results obtained with three other com- 
pounds, a monoxime (n = 5) and two dioximes 
(n = 2 and 5), are not included in Tables 1 and 2 
because they are inferior to compounds 1—4 as regards 
therapeutic ratio or water solubility. 
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Table 1 
R CH=NOH 
an An 
Foy oe 
| I 
a a bt ae 
N N 3 
| (CH,)x 2Br 
| Compound Potency as reactivator 
relative to pyridine-2- 
———_-—_—_—__ —_ -- ——- -__|__ aldoxime methiodide 
Code number | R 15 (P-2-AM) 
= ee | me py 11 
2 H | 4 10 
3 CH=NOH | 3 52 
4 CH=NOH | 4 38 
P-2-A + jie 1 








The method used to determine the potency of the oximes as reac- 
tivators was the same as that used previously (ref. 1). 





Table 2. PROTECTION AGAINST LETHAL POISONING BY DIisoPROPYL 
PHOSPHONOFLUORIDATE 
Male white mice weighing between 18 and 20 gm. were injected intra- 
peritoneally with 0-2 ml. of the oxime in 0-9 per cent sodium chloride 
solution and then 5-8 min. later they were injected subcutaneously 
with 0-2 ml. diisopropyl phosphonofluoridate in 0-9 per cent sodium 
choride solution. 0-095 m.mole/kgm. of the oximes, that is, 25 mgm. 
kgm. in the case of pyridine-2-aidoxime methiodide, were used an 
mice injected with the oximes alone showed no symptoms 











os 
No. of mice surviving for 24 hr./No. of mice injected 
Com- 
pound mgm. Diisopropyl phosphonofluoridate injected per 
mouse 
0-1 0-15 0:2 0:4 0:8 16 
amor 66 | 26 | 0/6 | 
1 6/6 6/6 2/6 0/6 
2 6/6 4/6 0/6 
3 6/6 6/6 3/6 0/6 
4 6/6 5/6 1/6 0/6 
P-2-AM 6/6 2/6 0/6 0/6 











A more detailed study of the antidotal properties 
of compounds | and 3 in mice showed that they raised 
the L.D50 of diisopropyl phosphonofluoridate 1-2 and 
2-3 fold respectively when used in a dose of 0-0095 
m.mole/kgm. under conditions described in Table 2. 
The effect of the two oximes was potentiated by 
1 mgm./kgm. atropine sulphate (given intraperiton- 
eally 15 min. before the oxime). Such a dose of 
atropine had no antidotal effect itself but, when used 
in conjunction with 0-0095 m.mole/kgm. of com- 
pounds 1 and 3, raised the LD50 of diisopropyl 
phosphonofluoridate by 2-3 and 5-7 fold respectively. 

Partial reactivation of diisopropyl phosphoryl- 
acetocholinesterase in blood but not in brain was 
recorded in mice which received a subcutaneous 
injection of 2-5 mgm./kgm. dizsopropyl phosphono- 
fluoridate, followed 30 min. later by an injection of 
0-095 m.mole/kgm. of compound 3. These findings 
show that the oximes of bis-pyridinium ions act 
predominantly peripherally and that the mechanism 
responsible for their antidotal action involves reactiva- 
tion of the phosphorylated acetocholinesterase. 

It has previously been shown that the ditsopropyl 
phosphorylacetocholinesterase formed initially has an 
approximate half-life of 4 hr. and changes into a 
phosphorylated enzyme which cannot be reactivated 
by pyridine-2-aldoxime methiodide*. The oximes of 
bis-pyridinium ions also fail to restore the activity 
of the phosphorylated enzyme resistant to pyridine-2- 
aldoxime methiodide, and thus marked therapeutic 
effects of compounds 1-4 will only be obtained when 
they are administered within a few hours following 
exposure to diisopropyl phosphonofluoridate. Keep- 
ing this limitation in mind, it seems that the results 
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obtained raise the hope that a really effective causative 
treatment of poisoning of man by tetracthyl pyro- 
phosphate, diisopropyl phosphonofiuoridate and 
related organophosphates might soon become avail- 
able. 

One of us (P. W. 8.) wishes to thank the Depart- 
ment of Scientific and Industrial Research for a special 
research grant that has defrayed some of the cost 
of this work. 

F. HopBicEr 
P. W. SADLER 

Department of Pharmacology and 

Courtauld Institute of Biochemistry, 
Middlesex Hospital Medical School, 
London, W.1. 

Nov. 17. 
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Myasthenic-like Features of Neuromuscular 
ransmission after Administration of an 
Inhibitor of Acetylcholine Synthesis 


Ir has been suggested that a defect of acetylcholine 
synthesis in motor nerve endings would account best 
for the peculiar features of neuromuscular block seen 
in myasthenic patients'. This hypothesis can be 
tested by investigating the effect on the skeletal 
muscle of the cat of a recently developed drug’, 
hemicholinium base HC3, which strongly inhibits the 
synthesis of acetylcholine by nervous tissue*. 

Fig. 1 presents typical observations from a 
myasthenic patient free from any drug (B), a cat 
treated with hemicholinium HC3 (C), and another 
cat mildly paralysed with d-tubocurarine (D). What 
is being compared is the pattern of changes in neuro- 
muscular block following a brief faradization of the 
motor nerve. The amount of block is estimated by 
delivering supramaximal shocks at 3/sec. to the 
motor nerve and recording the integrated electrical 
response of the muscle with belly-tendon electrodes. 
The responses at 3/sec. exhibit a typical decre- 
ment in partially curarized muscle‘, in myasthenic 
muscle’.* and also in muscle treated with hemi- 
cholinium. I find that the percentage reduction of, 
say, the fifth response of the 3/sec. train with respect 
to the first response (b:a, in Fig. 1,A) is a very 
sensitive and reliable test of synaptic failure in the 
three conditions which are being compared. 

The post-tetanic effects shown in Fig. 1,B are 
similar to those previously described for another 
myasthenic and they are typical of the syndrome. 
In the 3/sec. test-trains elicited every minute or 
so, the fifth potential is about 66 per cent of the 
first in this case (see diagram). After faradization, 
a short-lived facilitation appears, followed by a 
prominent phase of post-tetanic exhaustion (3 min. 
after tetanus, fifth potential in the test-train is 
29 per cent of first) which is dissipated in the follow- 
ing 15-20 min. This enduring increase in neuro- 
muscular block is obviously the analogue of the 
long-lasting component of the pathological fatigue 
seen clinically in these patients‘. 

The neuromuscular defect produced by hemi- 
cholinium HC3 in cat’s muscle is peculiar: intra- 
venous injection of the drug does not produce any 
failure of the indirect response until after the motor 
nerve has been repeatedly stimulated and the stocks 
of preformed transmitter have thereby presumably 
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Fig. 1. In each diagram the abscissa represents time in minutes 
tollowing (or preceding) faradization of motor nerve. The ordinate 
represents the percentage reduction of the voltage of the fifth 
response in a 3/sec, test-train with respect to the voltage of the first 
response in same train ; this percentage decrement is proportional 
to the amount of neuromuscular block. The procedure used to 
estimate the decrement is illustrated on an actual record from 
myasthenic muscle in A. 
B, Myasthenic patient never treated with drugs up to the time of 
the experiment. Results from adductor pollicis muscle stimulated 
supramaximally through ulnar nerve. Intramuscular tempera- 
ture, 363°C. At zero time the ulnar nerve is faradized at 
50/sec. for 2 sec. 

C, Cat, 3 kgm., anesthetized with chloralose. Hemicholinium base 
HC3 injected intravenously 1 hr. before (1:5 mgm./kgm.). 
Results from tibialis anticus muscle stimulated supramaximally 
throu peroneal nerve. Intramuscular temperature, 33-2°C. 
Rectal temperature, 37°C. At zero time the nerve is faradized 

at 50/sec. for 10 sec. 
D, Cat, 2-2 kgm., anesthetized with chloralose. A constant 
intravenous infusion of d-tubocurarine (‘Intocostrin’, Squibb) 
maintains a steady state of partial curarization. Data from 
tibialis anticus muscle stimulated supramaximally through 
peroneal nerve. Intramuscular temperature, 34°C. Rectal tem- 
perature, 36-2°C. At zero time the nerve is faradized at 50/sec. 

for 3 sec, 


been depleted. In the experiment illustrated (Fig. 
1,C). about 5,000 shocks had been delivered to 
the motor nerve during the hour following injection 
of 1-5 mgm./kgm. hemicholinium HC3. At the 
beginning of the diagram, a small decrement is seen 
in the 3/sec. test-train, the fifth response being 
93 per cent of the first. After faradization, a short- 
lived facilitation appears, followed by a considerable 
deepening in the neuromuscular block (3 min. after 
tetanus, the fifth response in the test-train is only 
73 per cent of first). This ‘post-tetanic exhaustion’ 
is dissiated in about 15 min. 

In contrast with the above, the muscle partially 
paralysed with d-tubocurarine (Fig. 1,D) does not 
show any increase in the amount of block after 
faradization. There appears only the well-known 
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facilitation of transmission which is dissipated in the 
3-5 min. following the 50/sec. tetanus. 

The post-tetanic effects recorded in myasthenic 
patients free from any drug and in the cat’s muscle 
treated with hemicholinium thus appear strikingly 
similar, and they differ completely from what. is 
observed in partially curarized muscle. It is suggested 
that the pattern of these effects results from the 
interaction of two opposing processes with different 
time-courses : (a) facilitated ejection of acetylcholine 
from nerve endings which lasts about 4 min. after 
a 50/sec. tetanus, and (b) depletion of stoc!.s of pre- 
formed acetylcholine in nerve endings. In normal or 
curarized muscles, synthesis of transmitter would 
roughly keep pace with ejection provided physio- 
logical rates of stimulation (less than 50/sec.) are used. 
By contrast, in myasthenic muscles or in muscles 
treated with hemicholinium, such quick restoration 
could not occur, and the facilitation of the release of 
acetylcholine would only transiently mask the deple- 
tion (see ref. 1). 

The evidence presented strongly supports the 
suggestion that the myasthenic condition results from 
a presynaptic biochemical defect chronically impair- 
ing synthesis of acetylcholine. However, the experi- 
ments do not indicate which step in the process may 
be disorganized (such as cholinacetylase deficiency, 
impaired choline transport, etc.). Finally, it is thought 
that a lasting alteration in presynaptic function 
might induce secondary changes in motor end-plate 
behaviour, which would account for the changed 
reaction to drugs described by others’. 

J. E. DESMEDT 
Laboratoire de Pathologie générale, 
University of Brussels. 
Aug. 25. 
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bd wert! oe M., and Masland, R. L., Bull. J. Hopkins Hosp., 69, | 
¢ Desmedt, J. E., Nature, 179, 156 (1957). 
* Churchill-Davidson, H. C., and Richardson, A. T., J. Physiol., 122. 
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Effect of Adrenaline on Neurofibril 
Formation in Adult Mammalian Cortical 
Neurones in Tissue Culture 


Iy recent experiments, the addition of adrenaline 
(0-001—0-005 ygm./ml.) to in vitro cultures or sub- 
cultures of adult mammalian cerebral cortex invari- 
ably caused the appearance of neurofibrils in the 
neurones within 30-90 min. The formation of 
neurofibrils was recorded, with phase-contrast time- 
lapse photomicrography, on the living neurones. 

The occurrence of neurofibrils in tissue cultures 
has been described by Levi and Meyer! and Weiss and 
Wang? in ganglion cells of chick embryos. They 
could be seen with greater frequency in fixed and 
stained preparations than in living cells. Similar 
observations were made by R. S. Geiger® on cultures 
and subcultures of adult mammalian cerebral and 
cerebellar cortex. 

Almost immediately after the addition of adrenaline 
to the cultures, the optical density of various nucleolar 
and other nuclear areas started to change. Fibrils 
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(a) (0) 
Fig. 1. 


days in culture. 
(c) 120 min. after addition 


after addition ; 
appeared first at the nucleoli, often as a beaded chain, 
and from there extended gradually into the nucleo- 
plasm and cytoplasm. They wound first around the 
nucleus, then spread into the remainder of the cyto- 
plasm, the dendrites and axon. They gradually be- 
came thicker, and in large neurones often appeared as 
tangles of thread. Cytoplasmic granules usually sur- 
rounding the nuclear boundary dispersed irregularly. 
About one hour after the addition of adrenaline many 
large aggregates of granules were seen in the cyto- 
plasm and dendrites. 

The nucleoplasm condensed towards the nucleoli, 
often surrounding them with a ring consisting of 
material of high optical density. Both nuclei and 
nucleoli showed patches of varying densities, some 


Fig. 2. Neurone from second subculture cerebral cortex of adult 
rabbit, 72 days in culture, exposed to 2 per cent osmic acid vapour 
for 30 min., 60 min. after addition of adrenaline, 0-001 ygm./ml. 


Neurone from second subculture cerebral cortex of adult 
/ml. (x 125) 


Fig. 3. 
re :bbit 20 hr. after addition of adrenaline, 0-001 ugm. 
photographed with ordinary light 
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Single frames from time-lapse ciné film, x133 phase-contrast of cell body of a 
large pyramidal] neuronefrom the cerebral cortex of adult rabbit, second subculture, 68 
(a) 60 min. after addition of 0-001 ugm./ml. adrenaline ; (6) 90 min. 
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areas appearing completely clear. 
The neurofibrils always appeared 
first at the nucleolus. The areas 
from which the fibrils originate are 
strongly osmophilic and they in- 
crease in size as fibril formation 
proceeds (Figs. 1 and 2). 
One to two days after addition 
of adrenaline, even if neurofibril 
(c) formation is still progressing, the 
nucleus assumes & more normal 
or resting appearance, the nucleo- 
plasm as a whole appears more 
uniform, as does the nucleolus, 
which becomes smaller (Fig. 3.) 

The osmophilic areas of the nucleoli also take up 
janus green B (conc. 1: 150,000) and this janus 
green B staining material is associated with the newly 
formed fibrils in the nucleus. Janus green B, although 
toxic to neurones, causing chromatolysis and degen- 
eration often within 24 hr., did not inhibit neurofibril 
formation in the cultures treated with adrenaline. 
The findings of Allfrey and Mirsky‘ that janus green B 
does not inhibit synthesis of adenosine triphosphate 
by isolated thymus nuclei, although it inhibits it in 
mitochondria, may be relevant here. 

In the cytoplasm of neurones vitally stained with 
janus green B and neutral red, both the mito- 
chondria and neutral red-staining granules are inter- 
mingled with fibrils. However, after chromatolysis 
sets in, many of the neutral red-staining granules 
disappear and the mitochondria are seen at the border 
of the vacuoles, disassociated from the fibrils. The 
neurofibrils remain visible throughout the neuro- 
plasm, and are separated from other organelles. 

I wish to thank N. A. Bartley for assistance in 
photomicrography, and the Department of Public 
Welfare of the State of Illinois for its support. 

R. 8. GEIGER 
Department of Psychiatry, 
University of Illinois College of Medicine, 
Chicago. 
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Plateau Formation and Sulphydryl Groups 
in the Plasma Membrane 


It is well known that there are two types of the 
action potential. The difference between these is 
principally due to the degree of plateau formation. 
The modern sodium theory of Hodgkin and Huxley 
describes faithfully the initial phase of action poten- 
tial, but the interpretation of the recovery phase 
in terms of the sodium theory met with many difficul- 
ties!. To obtain more accurate knowledge of the 
action potential, we have studied the mechanism of 
plateau formation. 

Experiments were made on myelinated nerve 
fibres and ventricle muscle fibres of the Japanese toad. 
To detect the action current of a single isolated nerve 
fibre, Tasaki’s air-gap method* was employed. The 
action potentials of single isolated cardiac muscle 
fibres were recorded electrically with intracellular 
micro-electrodes®. 

When the myelinated nerve fibre was treated with 
various divalent metallic ions or with some oxidizing 
agents, such as p-quinone and hydrogen peroxide, a 
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Fig. 1. Plateau-forming action of various agents 
marked plateau appeared in its action current. In 
Fig. 1, the duration of action currents is plotted as a 
function of the concentration of their effectors. 

The plateau formation disappeared completely on 
the addition of cysteine (Fig. 3,a). With this cysteine 
recovery, the plateau-forming strength of each metal- 
lic ion could be compared in the same preparation. 
Their relative strengths in 10-* M were as follows : 
iron, copper, zinc and cadmium, 0-1—0-2; cobalt, 
1-0; nickel, 3-0-4-0. 

Within limits, the duration of the plateau was 
prolonged with increase in the concentration of the 
agents, but high concentrations of the agents 
rather tended to curtail the plateau. In Fig. 2 this 
effect is shown for cobalt as an example. The 
optimal concentration for plateau formation by cobalt 
and nickel ions was 10-* M (Fig. 3,6). 

On the other hand, the effect of agents at high 
concentration was reversed by washing with fresh 
Ringer or by the addition of cysteine at a relatively 
low concentration. 

p-Chloromercuribenzoic acid (10-° — 5 x 10-* M) 
did not show any appreciable plateau formation. 
But it could inhibit strongly the plateau formation 
of cobalt or nickel ions. 

Anoxia and various metabolic inhibitors (fluoride, 
monoiodoacetate, phlorizin, malonate, cyanide, azide, 
dinitrophenol, arsenite, arsenate, etc.) did not 
change the wave configuration of the action current. 
Consequently, plateau formation in a single nerve 
fibre is not due to the inhibition of metabolism. 

Qur findings can be explained by assuming that 
platewu formation in the action current is due to 
—S— Me—S— linkage (where Me isa divalent metal) of 
sulphydryl groups in the plasma membrane (presum- 
ably in the membrane protein) and that Cl—Me—S— 
is inactive in plateau formation. 
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In the toad’s heart muscle, the action potential of 
which shows a marked plateau, it was reported by 
Takahashi e¢ al.‘ that the plateau was curtailed 
reversibly by SH-reagents. Fig. 3,c shows that 
curtailment of the plateau can be brought about by 
cadmium ions without changes in spike height or in 
resting potential. 

These findings suggest that in the cardiac muscle 
fibre, sulphydryl groups are present mainly in the 
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Fig. 2. The relation between the plateau-forming action and 
concentration of cobalt ions. The ordinate, AD, is the duration 
of action current in presence of cobalt ions minus duration in 
normal fibres. O, results with medium free of calcium ions 
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Fig. 3. (a) Plateau formation by a nerve fibre treated with CoCl, 
at 14-0°C. 1, Control; es after CoCl, (10-* M); 3, after washing 
with Ringer solution ; after the addition of cysteine hydro- 
chloride (10-* M). (6) ‘plateau wae and CoCl, concentration 
in the calcium-free medium (20-0° C.). 1, Control; 2, 3, 4, action 
currents following the “admtaishestions ‘of 10° 10-2 "Mand 
(c) Action potential —s SH-blocked cardiac muscle 

1, Control; 2, 15 min. after CdCl, (10-* M); 
3, 21 min. after CdCl, (10-* M) 


10° M eo 
fibre (25-0° C.). 
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oxidized —S—S— form, and that they play an impor- 
tant part in plateau formation. 

A fuller account of these experiments will be pub- 
lished elsewhere. 
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Incorporation of Manganese into 
Erythrocytes as Evidence for a 
Manganese Porphyrin in Man 


MANGANESE is established as an essential constitu- 
ent of the body. Kinetic studies! have shown this 
element to exist predominantly in a labile, easily 
exchangeable form. Natural organometallic com- 
pounds of manganese have not been identified in 
vertebrates. 

Manganese has been assumed to participate 
indirectly in hematopoiesis?. Natural porphyrins 
are known which are bound to metals other than iron® 
(namely, vitamin B,, and chlorophyll). Nevertheless, 
manganese has not been implicated hitherto in the 
structure of either the erythrocyte or the respiratory 
pigments. The present results show a firmly bound 
manganese component in human and rabbit erythro- 
cytes which appears in good yield in the crystallized 
hemin fraction, suggesting that it may have a role 
in the porphyrin metabolism of cells. 

Following the injection into patients of carrier-free 
manganese-54 (half life, 300 days), the kinetics of the 
initial venous blood clearance were entirely consis- 
tent with the patterns previously reported! for the 
short-lived isotope, manganese-56. The use of a 
single-channel pulse height analyser provided meas- 
urements of the venous blood and plasma manganese- 
54 even after the first several hours, when readings on 
conventional scintillation counters had fallen to 
statistically insignificant levels. With this method, 
the radioactivity in blood was lowest 36-48 hr. after 
intravenous injection, followed by a rise over the 
next week or ten days to a plateau value (Fig. 1). 
Centrifugation of the blood samples showed this 
biphasic response to represent two separate processes : 
(a) rapid disappearance of radioactivity from plasma 
and (b) slow appearance and retention in circulating 
erythrocytes (Fig. 1). 

Blood taken from a patient 66 days after injection 
of manganese-54 contained almost the entire radio- 
activity in the red cell fraction. (There was no 
selective concentration of manganese-54 in the buffy 
coat.) Repeated washing with saline failed to elute 
the isotope, and when the cells were hemolysed with 
7 volumes of distilled water, there was insignificant 
accumulation of tracer in the packed : stroma (‘ghosts’). 
The rigorous dialyses summarized in Table 1 failed 
to remove any appreciable amount of radioactivity 
from hemolysates tested directly, indicating that the 
metal was non-dialysable, non-exchangeable, and not 
available for chelation with disodium ethylenediamine 

tetraacetic acid. 

This incorporation of manganese-54 into red cells 
in vivo was quite distinct from the uptake of isotope 
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by the cells in vitro. Agitation of blood with carrier- 
free **MnCl, at room temperature for 18 hr. showed 
relatively little binding by erythrocytes, and most 
of the activity then bound was eluted readily with 
saline washes. On hemolysis the tracer concentration 
in the stroma was 2°5 times higher than that in the 
hemolysate, and dialysis was extremely effective in 
removing manganese-54 from the hemolysate (Table 
1). These experiments indicated that traces of 
manganese added in vitro to mature erythrocytes or 
their hemolysates were bound relatively weakly and 
primarily to the stroma, in contrast to the physio- 
logically deposited manganese, which was incorpor- 
ated into a structural component of the hemolysate. 

The time-course of the reappearance of manganese- 
54 in blood (Fig. 1) is similar to that which follows 
iron-59 injections‘. It resembles even more closely 
the time-curve® of protoporphyrin labelled with 
nitrogen-15. Therefore this phenomenon may indi- 
cate the synthesis of a manganese porphyrin. Experi- 
ments with both human and rabbit blood showed that 
the incorporated radiomanganese was isolated pre- 
dominantly in the crystallized hemin*. The high 
acidity of the media employed for crystallization 
favoured solubilization of manganese porphyrins 
and precipitation of iron porphyrin’. Even so, 
successive recrystallizations showed a relatively small 


Table 1. DIALYSIS OF HMMOLYSATE CONTAINING MANGANESE-54 

FOLLOWING INJECTION INTO A PATIENT SEVERAL WEEKS EARLIER OR 
FOLLOWING DIRECT MIXING in vitro 

Hemolysate was obtained from the supernatant after washed red cells 

had been made up with 3 volumes of water and then centrifuged 








Manganese-54 Manganese-54 
injected added in vitro 
Dura-| Measured Com- Measured Com- 
Dialysate tion | (c.p.m./ parative (c.p.m./ parative 
(hr.) | sample) (percent)| sample) (per cent) 
Before 
dialysis — 1,054 100 139,561 100 
Running 
water 9 1,039 99 125,510 90 
0-01 MMnCl,} 29 1,051 100 15,052 1l 
0-005 M 
EDTA* 17 1,117 100 6,913 5-0 
Repeat 
EDTA 23 1,060 100 2,010 1-4 
25 per cent - 
PVPt 23 1,003 95 240 0-2 




















* Disodium ethylenediamine tetraacetic acid. 
t Polyvinyl pyrrolidone. 
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fall of radioactivity per unit weight of hzmin, indi- 

cating that in all probability the manganese organo- 

metallic compound under study is indeed a porphyrin. 

Experiments are now in progress to characterize 

this manganese-porphyrin complex more precisely. 

This work was supported by the U.S. Atomic 
Energy Commission. 
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Effect of Viral Infection and Cortisone 
upon Tumour Growth in Homologous 
and Heterologous Hosts 


RECENTLY, human tumours have been successfully 
transplanted to rats and hamsters conditioned with 
X-ray and/or cortisone, and several cell lines are now 
available for use in studying the effects of chemothera- 
peutic agents or viruses on them!-*. Human tumour 
HeLa cells, grown in tissue culture, have also been 
transplanted to conditioned rats and their viral 
susceptibility examined’. However, the problem of 
whether experimental results obtained by using 
tumours transplanted to a heterologous host, such as 
a hamster, could be applied directly to cancer in 
human beings or not remains to be solved. In the 
present communication, a transplantable mouse 
tumour is adopted as an experimental model and the 
interaction of extraneous viruses and tumour in 
homologous and heterologous hosts is examined, 
together with the effect of cortisone upon tumours in 
different host species. 

Fructose sarcoma was-chiefly used as_ before®. 
Fragments of the tumour were transplanted into the 
subcutaneous space of the back of mice and to one or 
both sides of the breast of rats, using a trochar. 
Rats, weighing about 80 gm., were treated with 
5 mgm. of cortisone just after tumour transplantation 
and received two to three additional injections of 
5 mgm. at four day intervals. Sarcomas in rats 
treated with cortisone attained the size of 2-0 cm. x 
1-5 cm. within ten days. Mice were not treated with 
cortisone. About a week after tumour transplanta- 
tion, 10-* dilution of Col-SK virus was injected 
directly into tumours in mice and in rats. On the 
second and fourth or fifth day after virus inoculation, 
tumours were ex¢irpated and their [D50 measured 
by intracerebral titration in mice. As shown in Fig. 
la, the infectious titre of the virus in tumours grown 
in rats was always higher than that grown in mouse 
tumours. In such instances, the growth of virus- 
infected and control tumours in mice was almost the 
same, but in rats treated with cortisone there were 
distinc+ differences: namely, in rats the sarcoma 
continued to grow for 3-4 days after virus inoculation 
and then it began to regress, whereas non-infected 
tumour did not usually show any sign of regression as 
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Fig. 1. Propagation of (a) Col-SK virus and (b) WEE virus 
in sarcomas grown in mice and rats. Unshaded, mice ; shaded, rats 


long as cortisone treatment was continued. The fact. 
that virus-infected sarcoma does not regress in mice, 
but does regress in rats, suggests that immunological 
host factors are operating. In rats without cortisone 
treatment, the sarcoma often began to regress about 
12 days after transplantation. Thus the immuno- 
logical responses of the host against heterologous 
tissue may act in addition to the cytopathic effect of 
virus in causing tumour regression. 

The same experiments were performed using 
Western equine encephalomyelitis virus (Fig. 1b). 
Here, the virus titre in tumours grown in rats was 
lower than in those grown in mice, and tumour 
development was not impaired in rats as it was in 
mice, despite virus propagation’. Thus, the multipli- 
cation of extraneous viruses in tumours grown in 
homologous and heterologous hosts depends on the 
host animal. In other experiments, we transplanted 
Rous sarcoma into chickens and cortisone-treated 
hamsters, and compared the tumour sizes and virus 
yields. Though the size of the tumours in hamsters 
was much smaller than in chickens, virus yield was equal 
to or gree’ 2r than from sarcomas in chickens®. On 
the other hand, Chaproniere and Andrewes?® reported 
that the myxoma virus of the rabbit multiplies in 
homografts of tissues from normally resistant species, 
such as the guinea pig. Changes in the physiological 
conditions of the cells cause alteration of the cell 
susceptibility to viruses. 

To test the effect of cortisone upon tumour and 
viral growth in mice, mice were treated with 2-5 mgm. 
of cortisone at 4-day intervals after tumour grafting. 
In contrast with grafts in heterologous hosts (rats), 
the growth of the primary tumour in mice was sup- 
pressed by cortisone treatment. Moreover, in mice 
treated with cortisone, metastases were quite often 
found in lung and kidney (Fig. 2). Col.-SK virus was 





(a) (b) 
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injected into tumours in such mice and the LD50’s 
of sarcomas in cortisone-treated and non-treated mice 
were compared. There were no significant differences 
in the virus titres. Therefore, differences in the virus 
titres between sarcomas grown in cortisone-treated 
rats and non-treated mice may not be due to the 
influences of cortisone but to the effects of the host 
animal. 
Details of these experiments will be published 
elsewhere. 
T. Kuwata 
Y. YASUMURA 
Department of Bacteriology, 
M. KaniIsawa 
Department of Pathology, 
School of Medicine, 
Chiba University, 
Japan. 
Sept. 23. 
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A Biological Action of Injected 
Deoxyribonucleic Acid 


Iv is well known that when body cells are seriously 
injured, the blood and urine of animals are able to 
degrade deoxyribonucleic acid, in a way closely 
resembling the action of deoxyribonucleases I and II. 
In this communication we therefore refer to these act- 
ivities as the effect of deoxyribonucleases. Several 
explanations of this phenomenon are possible. Two of 
them provided the background for this investigation : 
(a) the enzymes are extruded from damaged cells, 
(6) with the release of the cell contents a reaction is 
started which ultimately leads to a rise in deoxyribo- 
nuclease activity. The facts in favour of this point of 
view were given by Kowlessar and Altman!. They 
found rising deoxyribonuclease activities following 
irradiation of the whole body. In rats the maximum 
activity in the body fluids of deoxyribonuclease IT 
is found on the first, and of deoxyribonuclease I on 
the sixth day, following exposure to X-rays. This 
makes it unlikely that one mechanism would be 
responsible for both maxima. 

When cells are destroyed all kinds of substances 
may enter the body fluid pool ; for example, enzymes 
and the contents of the cell nucleus with its highly 
specific genetically active deoxyribonucleic acid. The 
body would have to neutralize this dangerous 
material and might bring an adaptive mechanism 
into action. If this were so, application of deoxyribo- 
nucleic acid should provoke a rise of deoxyribo- 
nuclease activity in the body. 

We injected a solution of 0-2 per cent deoxyribo- 
nucleic acid in 0-85 per cent saline, pH 7-4, into 
the ear vein of rabbits; the deoxyribonucleic acid 
was prepared from Holothuria politi sperm?. The 
injections were given during the course of a week, 
and a total of 78 mgm./kgm. was administered per 
rabbit. At zero time, after 1 day, 2 days and 5 
days, blood samples were taken. The clotted blood 
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Table 1. VISCOSIMETRIC DETERMINATIONS OF DHOXYRIBONUCLEASE 
ACTIVITIES FOLLOWING DEOXYRIBCNUCLBIO AOID INJECTIONS 
Viscosity change in per cent (zero time viscosity 100) 
Incuba- 
tion 1 day after |2 days after | 7 days after 
time No injection first injection| first injection! first injection 
(hr.) 
0 0-0 +0°0 +00 +0-0 
0-5 +11°441°4 +2:440°3 | +4840°7 —1:140°3 
1:0 +12-741:1 +3°-4140°8 +3+340°7 —3-6+0°6 
15 +4:2408 | +3:340-7 | —46406 
2-0 +4940-7 | +3-740-7 | —3-740°6 
15°5 +14-641:1 
17-0 —7-8+40°6 
17°35 —5-141°0 
18-5 —5:-3+0°5 —8-0+40°6 
19-0 +00+0°6 
195 +13-8+41:1 
22°5 +12-340°9 
Total: 630 measurements 


was spun down at 5,000g (20 min.). 0-5 ml. of the 
serum, 0-5 ml. of a 0-01-M magnesium sulphate 
solution and 4:0 ml. of a 0-5 per cent deoxyribo- 
nucleic acid solution, all of pH 7-4-7-6, were brought 
to 25°C. and the viscosities were measured in an 
Ostwald-type viscometer with a water outflow 
time of 22-0 sec. 

The increments in viscosity and the incubation 
times are given in Table 1. Upon mixing deoxyribo- 
nucleic acid with zero-time serum there is an initial 
rise in viscosity. During the following 24 hr. the 
viscosity drops somewhat. In the sera withdrawn 
after injection the behaviour is different. In the 
initial phase the rise in viscosity is not very great, or 
is even negative, and during the next 24 hr. 
viscosity decreases considerably. 

In the rabbit the natural deoxyribonuclease 
activities are quite low, but they are higher in the 
rat. It was therefore of interest to determine whether 
there is any deoxyribonuclease activation at all, 
since it is conceivable that the deoxyribonucleic acid 
molecule would be broken down by the high ‘natural’ 
deoxyribonuclease activity before it could develop 
its deoxyribonuclease-provoking effect. 

Yet in the rat it was impossible to inject deoxyribo- 
nucleic acid solutions of as high a viscosity as was 
possible in the rabbit. It was therefore given intra- 
peritoneally in doses of 500 mgm./kgm. This higher 
dose was thought necessary because of the different 
mode of application. For deoxyribonuclease de- 
terminations we used the method of Allfrey and 
Mirsky*. The acid and the neutral deoxyribonuclease 
were run in parallel. Five rats were killed one day 
after deoxyribonucleic acid application and another 
five one week later. A third set of untreated animals 
served as controls. The clear supernatant serum was 
used to act upon deoxyribonucleic acid for 0, 1 and 
24 hr. at pH 5-2 and 7:4. Trichloracetic acid was 
then added and the solution centrifuged at 5,000g for 




















Table 2. DETERMINATION OF DEOXYRIBONUCLEASE ACTIVITIES BY 
THE METHOD OF ALLFREY AND MIRSKY (REF. 3) 
Animals injected with Animals injected with 
Time of saline deoxyribonucleic acid 
incubation of solution 
(hr.) Deoxyribo- | Deoxyribo- | Deoxyribo- | Deoxyribo- 
nuclease I iclease IT 1 I | nuel II 
0 100 100 100 100 
Rats 1 112+19 123 +20 358+ 43 250424 
24 110+18 191+26 540+ 75 585 +47 
0 100 100 100 
Rabbits 1 100 +65 100 +50 1,280 +260 908 4-60 
24 165 +65 175+25 | 3,050+150]| 1,430+420 
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20 min. The clear supernatants served as substrate 
in the Dische reaction. In Table 2 the figures are 
given in percentage, zero time averages taken as 100. 
The principal result of both series of investigations 
is the same. Injection of deoxyribonucleic acid pro- 
vokes a sharp and highly significant rise in deoxyribo- 
nuclease activity. Apparently both deoxyribo- 
nucleases, acid and neutral, are activated. We 
believe that this behaviour might help in developing 
a biological test for deoxyribonucleic acid. We are 
aware of several further implications and investiga- 
tions will be continued. A full account of the prelim- 
inary experiments will be given elsewhere. 
We wish to thank the Deutsche Forschungs- 
gemeinschaft for financial support. We are especially 
grateful to Dr. C. Vendrely and Dr. R. Vendrely from 
the Centre de Recherches sur les Macromolécules 
in Strasbourg, who, in a recent letter to us, stated 
that they had verified parts of our experiments. 
Rupotr K. Zaun E. Torz 
A. DocrEer R. Torz 
B. HEIcKE W. ZIEGLER 
H. KuHLEMANN G. ZAHN 
G. Ocus 

Institut fiir Vegetative Physiologie, 

Johann Wolfgang-Goethe-Universitit, 

Frankfurt am Main. Sept. 15. 
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Serological Detection of Fermentation 


Wastes 


WATERBORNE wastes from the fermentation indus- 
tries are difficult to differentiate from natural 
biological metabolites that occur in streams. Detec- 
tion of characteristic antigens from organisms would 
serve to identify such wastes as contributors to the 
pollution of streams. A study was undertaken to 
determine if sufficient antigenic material for detection 
was produced in the medium during fermentation 
and if the antigens were sufficiently stable to permit 
recovery and identification in microgram amounts. 

Three unrelated organisms, Penicillium chryso- 
genum, Streptomyces lavendulae and Escherichia coli, 
were grown in a non-antigenic medium consisting of 
glucose and inorganic salts using a fermentor stand 
variable drive assembly (New Brunswick Scientific 
Co., New Brunswick, New Jersey). The cultures 
were harvested during the vigorous growth stage when 
autolysis was at a minimum. The cells were removed 
from the broth with a millipore filter and filtrates 
autoclaved at 15 Ib./in.? for 15 min. The heated 
filtrates were vacuum concentrated at 56° C., dialysed 
against distilled water, and reconcentrated to a small 
volume. The concentrates were made _ isotonic 
before injecting into rabbits. Each animal received 
sixteen injections over a four-week period. While 
the concentrates from the Penicillium and Strepto- 
myces were well tolerated, the EH. coli concentrate 
was very toxic. 

The antisera obtained from the rabbits seven days 
after the last injection were tested against their 
homologous antigens by the tube precipitin test. 
The concentrated filtrate from the submerged 
fermentation of P. chrysogenum failed to elicit any 
antibody response. Serum from rabbits receiving 
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the S. lavendulae concentrate had a titre of 20 ugm. 
of antigen nitrogen/ml. The antiserum against 
E. coli concentrate had a titre of 1-25 ugm. nitrogen; 
ml. 

The concentrates from P. chrysogenum and S. 
lavendulae were incorporated into Freund adjuvant 
(‘Bacto-Adjuvant’, Complete (Freund), Difco Labora- 
tories) and injected into rabbits. The Penicillium 
antiserum, prepared this way, was precipitated with its 
homologous antigen at a dilution of 20 ugm. nitrogen/ 
ml. The Streptomyces antiserum was capable of 
detecting 1:25 ugm. of nitrogen in the filtrate. 
Neither of these antisera cross-reacted with the 
opposite concentrate or the H. coli concentrate. No 
additional specificity reactions have been examined. 

Antisera were also prepared against unheated saline- 
washed P. chrysogenum, S. lavendulae and E. coli 
whole cells. The Penicillium and Streptomyces 
mycelial antisera gave a precipitate with their homo- 
logous mycelia-free filtrates at a dilution containing 
1-25 ugm. nitrogen/ml. The antiserum to the £. coli 
whole cells had an agglutination titre of 1: 5,120 
and gave a precipitate with 1-25 ugm. of filtrate 
nitrogen/ml. i 

The concentrates were studied by a slightly modified 
Ouchterlony! plate gel diffusion technique. There 
was @ minimum of three antigens in the LE. coli 
and Penicillium concentrate and at least five in the 
Streptomyces concentrate. The FH. coli cell antiserum 
and the ZH. coli concentrate antiserum gave compar- 
able patterns by the gel diffusion method when run 
against the EZ. coli concentrate. 

The three concentrates were further purified by 
ethyl alcohol (70 per cent v/v) precipitation. The 
purified antigens from Penicillium, E. coli and Strepto- 
myces reacted with their homologous cell antisera 
at dilutions containing 0-15, 0-075 and 0-15 ugm. 
nitrogen/ml. respectively. 

The antigenic pattern of various EZ. coli cultures 
has been studied in detail by the agglutination test. 
Kauffmann? published a diagnostic scheme for the 
E. coli group based on the distribution of the H, 0, 
and K antigens. This work has been extended by 
Ewing® until there are now 137 standard O group 
cultures and 77 standard K antigen strains. Several 
known serological types were fermented and processed 
as described previousiy. In general, the results of 
the precipitin test on the heated cell-free filtrates 
were correlated with the cell agglutination tests. 

Four methods of recovering added antigenic 
material from Ohio River water were compared for 
their effectiveness. The methods were vacuum 
concentration, sodium sulphate precipitation, adsorp- 
tion on aluminium hydroxide floc and concentration 
plus ethyl alcohol precipitation. Only the alcohol 
(70 per cent v/v) precipitation gave consistent results. 
The three alcohol-purified antigens could be detected 
individually or in combinations at a dilution of 
3 ugm. antigen nitrogen per litre of Ohio River water. 
The tube precipitin assay was used because of its 
simplicity and reliability with multicomponent 
antigen — antibody reactions. The highly sensitive 
hemagglutination inhibition or the complement 
fixation procedures were not investigated. 

The stability, in Ohio River water, of antigenic 
material from fermentation filtrates was determined 
under laboratory conditions. While laboratory 
examination may not reveal the true susceptibility 
to biological destruction in a receiving stream, it does 
give an indication. The antigens from the £. coli, 
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Penicillium and Streptomyces filtrates had a stability 
time of 4-6 days. 

This work was performed under contract with the 
U.S. Army Chemical Corps, Fort Detrick, Frederick, 
Maryland. 








Rosert L. Bunou 
Epwin F. Barta, Jun. 
U.S. Public Health Service, 
Robert A. Taft Sanitary Engineering Center, 
Cincinnati 26, Ohio. 
1 Ouchterlony, O., Acta Path. et Microbiol. Scand., 32, 231 (1953). 
. Kauffmann, F., “The Differentiation of Escherichia and Klebsiella 
Types” (Thomas, Springfield, Illinois, 1951). 
3 Ewing, W. H., Tatum, H. W., Davis, B. R., and Reavis, R. W., 


“Studies on the Serology of the Escherichia coli Group” (Com- 
municable Disease Center, Atlanta, 1956). 


Progesterone in the Blood of the Laying 
Hen 


Fraps et al.1, using the bioassay method of Hooker 
and Forbes*, reported progestational activity in the 
peripheral blood of the hen. Layne e¢ al.*, using 
chromatographic procedures, failed to find progester- 
one in chicken blood although they did identify 
this substance in extracts of ovarian tissue. In 
preliminary studies in this laboratory*, chemical 
analysis failed to reveal progesterone in blood obtained. 
by cardiac puncture, though the samples reacted 
positively to the Hooker—Forbes test. 

Since progesterone is metabolized by the liver®, and 
perhaps by other body tissues as well, a method was 
devised to minimize such loss. Samples were obtained 
from White Leghorn hens, six to fourteen months old, 
between 8.00 a.m. and 4.00 p.m. on the day following 
oviposition of the initial egg of a sequence. The 
adrenal glands were cauterized in birds under nem- 
butal anesthesia, and clamps were placed on the 
dorsal aorta posterior to the ovarian artery, on both 
common iliac veins just posterior to the caudal 
vena cava and on the vena cava anterior to the 
ovarian veins. The vena cava was opened distal to 
the last-mentioned clamp, and blood was drawn by 
suction during the period of 15-25 min. before 
heart action ceased; 20-35 ml. was obtained from 
each bird. These samples thus contained a large 
proportion of blood from the ovary prior to contact 
with the liver or any capillary bed. 

Five samples, each containing 300 ml., were 
extracted with ethyl acetate by the method of Bush‘* ; 
fat was removed by adding 70 per cent methanol, 
chilling overnight to — 10° C., and centrifuging at 
that temperature. The concentrated extracts were 
run on Whatman No. 2 chromatography paper, using 
n-heptane/methanol/water in the ratio of 5:4:1 at 
38° C., after the method of Bush*. Authentic 
progesterone in this system had an Ry value of 
0-73-0-76. 

All extracts yielded fluorescent spots, each with 
the same Ry value as the authentic standard on the 
same paper. Two of these spots, treated with sodium 
hydroxide, developed the primrose-yellow fluorescence 
characteristic of an alpha-beta unsaturated ketone 
in ring A, and one spot, treated with 2,4-dintropheny]- 
hydrazine’, developed a visible light-yellow colour 
indistinguishable from that of a similarly treated 
authentic progesterone. The quantities of progester- 
one in these three spots, estimated by comparison 
with progesterone standards, were all more than 10 
and less than 20 ugm. ; thus, these extracts contained 
an average of 5 ugm. progesterone per 100 ml. blood. 
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Two spots were eluted with ethyl acetate, and the 
residue taken up in sulphuric acid for absorption 
determination® at 300 mu. The amounts determined 
by this method were, respectively, 4 and 5 ugm. 
per 100 ml. 

Chemical identification of progesterone in these 
samples was doubtless made possible in large part by 
circumventing its loss in the peripheral tissues. 
Improved extraction techniques must also have been 
important, because earlier samples up to 150 ml. in 
amount, which were obtained in the same way but 
were less completely defatted, uniformly failed to 
yield detectable amounts of progesterone; yet 
these samples were positive to the Hooker—Forbes 
test. Application of these techniques to studies of 
diurnal variation of progesterone-levels in hen’s 
blood will be reported elsewhere. 

We are indebted to the National Research Council, 
Committee on Problems of Sex, for a grant in aid 
of research (S—11—57) that made this work possible. 

I. M. Lyte 
F. W. Lorenz 
University of California, 
Davis. Oct. 15. 
1 Fraps, R. M., Hooker, ©. W., and Forbes, T. R., Science, 108, 86 
(1948). 


® Hooker, C. W., and Forbes, av R., Fass pen 41, 158 (1947). 

5 Layne, D. 8., Commons, X aw, W., and Fraps, R. M., Proc. 
Soc. Exp Med., 94, Tis (a9 57). 

‘ svt ése) x. en 8 degree thesis, University of California, Davis 
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5 Wiswell, J. G., and Samuels, L. T., J. Biol. Chem., 201, 155 (1953). 

* Bush, I. E., Biochem. J., 50, 370 (1952). 

. reese C. D., and Stitworthy, G. J., J. Biol. Chem., 199, 607 
1 n 

8 Linford, J. H., Canad. J. Biochem. Physiol., 35, 299 (1957). 


Effect of Triiodothyronine on 
Radiosensitivity 


REDUcTION in metabolic rate has been shown to 
reduce radiosensitivity, but the effect of an elevated. 
metabolic rate has not been well established. Simi- 
larly, anoxia induced by various means reduces 
radiosensitivity. In recent years, the reverse of this 
phenomenon has been applied in the attempt to 
increase the radiation response. This is based on the 
assumption that the radiosensitivity of tissue is 
related to the degree of oxygen tension in a given 
tissue at the time of irradiation’. Data on the 
protective action of myxcedema are not extensive ; 
the hyperthyroid state has been shown to hasten 
mortality in mice given acute lethal doses of total- 
body irradiation?.*. 

Thyroid hormone is known to produce an increase 
in the metabolic rate, increased oxygen consumption, 
flow of blood, and growth potential, demonstrated by 
enhanced mitotic activity. It was therefore pos- 
tulated that such stimulation might also lead to an 
increase in the radiosensitivity of selected local 
tissues, both normal and neoplastic. 

L-Triiodothyronine sodium, the potent fraction of 
the thyroid hormone that acts rapidly at the cellular 
level‘, was selected to induce the hyperthyroid state. 
(t-Triiodothyronine sodium was kindly supplied as 
‘Cytomel’-sodium by J. Clipson of Smith, Kline and 
French Research Laboratories.) 

Two abnormal tissues were used: (1) a solid, 
non-metastasizing, non-systemic, myeloid chloro- 
leukemia rat tumour ; (2) a mouse neuroblastoma of 
similar biological action. The latter tumour is so 


radio-resistant that it causes the mouse to succumb to 
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the systemic effects of an exposure employed in the 
local irradiation of this tumour before sufficient time 
has elapsed for evaluation of tumour response. The 
rat chloroleukzemia was injected subcutaneously into 
the flanks of male Sprague-Dawley rats, weighing 
approximately 250 gm. Within two weeks after 
inoculation, this tumour attains a size of 2-3 cm. 
Administration of triiodothyronine was started at 
this stage ; four consecutive doses of 200 ugm. each 
were given subcutaneously at 48-hr. intervals. 
Oxygen consumption before X-ray treatment in- 
creased 60-80 per cent above normal values. The 
hyperthyroid state was manifest clinically by excite- 
ment and irritability in this otherwise docile host. 
There was profuse water intake, diuresis and marked 
and rapid loss in weight despite striking voracity. The 
fur became rough and lost its sheen. The dosage of 
triiodothyronine given proved to be in excess of 
physiological tolerance as evidenced by the appreciable 
mortality among the animals, even before irradiation. 
In point of fact, it was observed that the induced 
hypermetabolic condition persisted for 5 days in the 
mice and about 10 days in the rats after discon- 
tinuation of the drug. The animals were irradiated 
3 days after the last administration of triiodothyro- 
nine. They were not anesthetized inasmuch as such 
treatment might cause changes in metabolic and 
respiratory rates. As a result, satisfactory immob- 
ilization of the exposed tumour-bearing portion of 
the rat, caged individually in a protective lead box, 
was not achieved with certainty in every case. 
Radiation was delivered at several dose-levels 
above and below the established tumoricidal dose 
(300—1,500 rads calculated at l-cm. depth; 0-2-cm. 
copper H.V.L., 150 kV., 21-cm. F.S.D., 4-cm. cone). 
Immediately after X-irradiation, the rats were 
offered drinking water containing 0-05 per cent 
chloromycetin ad libitum in an effort to reduce 
the bacterzemia, severe diarrhoea, and death that 
occurs in animals exposed to the higher dosage- 
levels. 

Only 103 of approximately four hundred animals 
survived long enough to permit adequate evaluation. 
Tumour response, judged by simple palpation of the 
treated site, was evaluated one week after X-ray 
treatment and weekly thereafter for eight weeks. 
Involution of the tumour until it was no longer 
palpable was found to occur within four weeks if 
treatment was adequate. Otherwise, there was a 
marked increase in size of tumour at this time. Elabor- 
ate histological observation transcended the scope of 
this initial project. 

In the group of 52 euthyroid rats, the chloro- 
leukemia disappeared when a tumour dose of 1,000 
plus or minus 200 rads was given. The same tumour, 
under the same conditions in 51 hyperthyroid rats, 
disappeared when a tumour dose of 500 plus or minus 
200 rads was delivered. In neither group did this 
variation exceed 10 per cent of the total number of 
animals treated. The few exceptions in each group 
that were not cured, even by the largest doses 
employed, may be attributed to inadequate immob- 
ilization during X-irradiation. 

When sufficient experimental results had been 
obtained to support the thesis that increased radio- 
sensitivity resulted from induction of a hyperthyroid 
state, two patients were selected for such treatment. 
Both had histologically verified squamous cell 
bronchogenic carcinoma with widespread metastases. 
Several sizeable tumour masses protruding from the 
soft tissue were selected as sites for trial treatment. 
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The patients’ basal metabolic rate was raised markediy 
(above 40 per cent) by triiodothyronine, given orally 
(400-600 ugm. daily), and was maintained at that 
level throughout the period of radiotherapy. Regres- 
sion of tumour masses was unequivocal at one-third 
the dose-level (1,500 rads) at which such a response 
might ordinarily be expected. Treatment was 
suspended at half of the customary therapeutic level 
(3,000 rads), because the tumour mass could no 
longer be palpated. The overlying skin also demon- 
strated an inordinately early and severe radiation 
response (wet reaction), indicating that the skin 
reaction was enhanced to a di 

One patient has been followed for three months, and 
in this short observation period there has been no 
recurrence of tumour in the treated sites. During this 
interval, however, he has had additional metastases 
in similar sites elsewhere on the body which were 
irradiated with an identical dose without the benefit 
of triiodothyronine-induced hypermetabolism. Irra- 
diation alone had little effect on these subcutaneous 
tumour metastates when the patient was not in a 
hypermetabolic state. 

Whether the profound response that was seen in 
these hyperthyroid animals and patients reflects only 
a@ quantitative change has not yet been determined. 
It is believed that inasmuch as a basically radio- 
resistant tumeur like bronchogenic carcinoma cannot 
ordinarily be eradicated even by large exposures, 
there may well have been a fundamental, biological, 
qualitative change in these neoplastic cells induced 
by the thyroid hormone triiodothyronine. A series 
of classically non-radiosensitive human tumours, such 
as gastrointestinal carcinomas, brain tumours, and 
connective tissue tumours, is now being subjected to 
similar investigations, which will contribute to the 
clarification of this radiobiological response. 

The research was conducted at the Argonne 
Cancer Research Hospital, U.S. Atomic Energy 
Commission, University of Chicago, and was sup- 
ported in part by the Chicago Tumor Institute. We 
are indebted to E. Simmons, L. O. Jacobson and 
E. T. Morch for assistance and valuable suggestions. 
We are also grateful to J. W. J. Carpender for his 
interest and for referring the clinical cases. 

JosEPH A. Srerm* 
Metvin L. Grremt 


Department of Radiology, and the 
Argonne Cancer Research Hospital, 
U.S. Atomic Energy Commission, 
University of Chicago, 
Chicago, Illinois. 

* Ann Langer Cancer Research Foundation Fellow with University 
of Chicago, on leave from the Radium Institute of the Hebrew Univer- 
sity, Hadassah Medical School, Jerusalem. 

+ American Cancer Society Fellow. 

* Churchill-Davidson, I., et al., Brit. J. Radiol., 30, 406 (1957). 
* Smith, W. W., and Smith, F., Amer. J. Physiol., 165, 639 (1951). 


* Peterson, D. F., and Wardean, P. D., University of Chicago; U.S. 
= Rad. Lab. Quart. Progress Report No. 20, 133 (July 15, 
956). 
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Effect of DDT on Egg-laying by 
Oscinella frit L. 


Oats sprayed with DDT soon after emergence 
largely escape frit fly tiller attack, even on small plots 
growing within an untreated field. It was not known 
how DDT confers this protection. Preliminary 
observations during 1955-56 showed that there were 
far fewer eggs present on the sprayed than on the 
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Date of sprayi: Date —< eae | No. of eggs found No. eggs/plant Percentage plants | Percentage dam- 
0-2 — =: bpt sampling with eggs aged shoots 
Date of sowing 
Control DDT Control DDT Control DDT Control | DDT 
1957 Trial 
May 9 141 116 1-30 1-0 _ —_ June 11, 1957 
April 12 May 3 and 13 May 17 321 65 3°60 0-85t 786 28°8 
May 27 294 70 4-59 0:9 85-9 18-6 41-0 21 
1958 Tria. May 27, 1958 
Site A. "april 11 May 2and15 May 8 126 21 1-49 0-23* 52:3 10-1 
May 16 176 107 2-47 1-26* 35-1 32-9 21:4 1+4 
June 16, 1958 
Site B. April 29 May 13 and 19 May 20 232 18 1-60 0-14t 41-0 4:3 
June 4 179 29 2-52 0-43} 70-4 19-0 37-7 | 19 
* Difference significant at P = 0-05. t Difference significant at P = 0-01. t_Difference significant at P = 0-001. 


unsprayed plots. This was confirmed in replicated 
trials during 1957-58. The results are given in 
Table 1. 

On all dates but one there were significantly more 
eggs on the controls than on the DDT plots (P = 
0:05 or P = 0-01), the average difference being of 
the order of 75 per cent. It seemed unlikely that 
this was due to DDT killing the flies quickly and so 
resulting in far fewer flies on DDT plots, because the 
plots were small and flies were coming in from 
outside. A measure of the actual number of flies 
present was obtained by coating some plants on each 
plot with a sticky material and recording the flies 
caught. During May 13-27, 237 flies were caught on 
295 plants on DDT plots and 279 flies were caught 
on 305 plants on the control plots, indicating that 
the numbers of flies on the treated and untreated 
plots were substantially similar. 

That the reduction in egg laying must have been 
due to a very local effect was shown as follows. On 
May 22, eggs were counted on the outer rows of 
sprayed plots and on the second row of the adjoining 
control plots so that the sampled rows were about 
14 in. apart. There were 1:55 and 0-16 eggs per 
plant on the untreated and treated rows (P = 0-01) 
and eggs were found on 55 and 16 per cent of the 
plants respectively. 

Next, tests were carried out to observe the behav- 
iour of the flies when given the choice of untreated 
surfaces and surfaces treated with DDT. Batches of 
10 females were placed in metal cylinders 8 in. in 
diameter closed at one end by two joined semicircles 
of Whatman No. | filter paper, one of which had been 
sprayed either with 0-2 per cent DDT miscible or with 
0:2 per cent DDT emulsion and thoroughly dried. 
Every half minute during 5 min. flies were counted on 
each semicircle and each test was repeated four times : 
in all, 135 flies were counted on DDT miscible, 
167 on DDT emulsion paper and 191 and 177 flies 
on the respective untreated semicircles. The 
differences were not large or consistent and it seemed 
improbable that, in the field, DDT deterred the flies 
from alighting or that they had a marked preference 
for the untreated plants. 

Kennedy! has found that contact with DDT 
shortens resting periods of mosquitoes and it is known 
that excitation generally follows contact with DDT. 
We tested the behaviour of frit flies by placing batches 
of 10 females in cylinders closed at one end by a 
filter paper, either unsprayed or sprayed with 0-2 per 
cent DDT. Every half or every full minute we 
counted the flies actually on the papers, those remain- 
ing stationary, and the number of flights made in a 
15-see. period. 

The results were as follows : 


(1) For the first 8 min. there were slightly fewer 
stationary flies on DDT papers than on the controls : 
on the average 1:8 and 2-7 respectively. The 
position was then reversed, the difference increasing 
with time until by the forty-fifth minute there were 8-0 
stationary flies on DDT and 1-5 on the controls. 

(2) During the first 6 min. there were 3-7 flights in 
15 sec. on DDT and 1-8 on controls. The position 
was then reversed and there was a continuous 
reduction of flights on DDT down to 0-5 after 30 
min. compared with 5-6 on controls. The results 
for DDT in the first 8 min. showed wide variations 
and they require confirmation. However, the 
gradual reduction of movement after 10 min. on 
DDT papers was a constant and well-defined feature 
of all the tests. After 20-30 min. most of the flies 
remained in one place for several minutes, the only 
activity being that of cleaning. Paralysis of one 
or two individuals and lack of response to light were 
also noted after about 30 min. 

Waterhouse and Scott? found that DDT prevented 
the laying of eggs by the sheep blow-fly. The number 
of flies landing appeared to be similar but there was 
less searching for oviposition sites on the treated 
sheep. They concluded: “protection is conferred 
by an inhibition of one of the early stages in the 
chain of reflexes leading to oviposition”. This 
probably applies equally well to frit fly, although 
‘contact repellency’ may play some part. Where 
comparatively large numbers of eggs had been found 
on treated plots (for example, site A in 1958, Table 1) 
there was afterwards much less damage than expected, 
suggesting that DDT also acts by killing the newly 
hatehed larve. 

T. J. LeGowsxk1 
H. J. Govip 


National Agricultural Advisory Service, 
Anstey Hall, Trumpington, 
Cambridge. 
Oct. 3 
1 Kennedy, J. S., Bull. Ent. Res,, 87, 593 (1946). 


* Waterhouse, D. F., and Scott, Marion T., Aust. iz: Agric. Res., 1, 
440 (1950). 


A Simple Autoradiographic Method 
for distinguishing Insects labelled with 
Phosphorus-32 and Sulphur-35 


THE use of radioactive tracers for labelling insects 
is finding many applications in field studies on 
dispersion and survival. In particular, the intro- 
duction of autoradiography for detecting tagged 
insects! has presented entomologists working in 
remote areas with a simple and practical tool. In 
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eo "y Py of labelled Anopheles gambiae after 
application of the film in two layers; showing, A, the first layer 


Fig. 1. 
the mosquitoes, and, B, the second 
layer. The three divisionsin each strip of film represent mosquitoes 
labelled as follows: upper row, males and females trea with 
phosphorus-32 at 5 we./l.: lower row, left, males labelled with 
sulphur-35 at 20 ue./l.; lower row, right, females with phos- 
phorus-32 at 3-5 uc./l. 
studying the longevity of marked populations, 
however, this technique suffers from the disadvantage 
that it records only the presence or absence of radio- 
activity in recaptured insects. No variation in the 
marking of different releases is possible, and a second 
release can only be made when all the survivors of 
the first have disap . When the numbers 
released depend upon the scale of laboratory rearing, 
as in the case of insects such as Anopheles gambiae, 
this may appreciably retard the accumulation of 
results. To surmount this difficulty the following 
method, that enables the separation by autoradio- 
graphy of insects labelled with one of two or possibly 
more different isotopes, has been devised. 

The method is based on differences in the energy 
of the radiation emitted by different radioisotopes. 
Phosphorus-32, the most widely used in entomological 
research, emits beta-particles with the relatively high 
energy of 1-71 MeV. It gives excellent autoradio- 
graphs. Sulphur-35, which has been used for studies 
on Lepidoptera’, emits beta-rays with no more than 
0-167 MeV. It gives very sharp images of labelled 
objects ; but its penetrating power is extremely low. 
Mosquitoes marked with either of these isotopes are 
readily separated by exposure on strips of X-ray 
film laid in two superimposed layers. After an 
appropriate exposure time, blackening of the layer of 
film in immediate contact with the labelled insects 
occurs in both cases; but with sulphur-35 the first 
layer acts as an effective absorber, and prevents any 
detectable quantity of radiation reaching the second 
layer. Insects labelled with phosphorus-32 give good 
autoradiographs through at least four layers of film, 
while those with sulphur-35 leave an image on the 
first layer only (Fig. 1). 

Sulphur-35, in addition to phosphorus-32, is being 
used for field studies on A. gambiae at concentrations 
of 10-15 we. /1. (100-150 muc. per larva) in the breeding 
pans.! Recaptured mosquitoes are laid out for testing 
on strips of cellulose tape, which are afterwards 
applied directly to single strips of industrial X-ray 
film. After an exposure time of one to two nights 
(16-40 hr.) the films are developed. It is usually 
possible to distinguish insects labelled with sulphur-35 


of film, in direct contact with 
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from those with phosphorus-32 by the sharpness or 
otherwise of the image. But in every doubtful case 
confirmation is obtained by re-exposing the same 
strip of mosquitoes, using this time two layers of film. 

The weakness of the images produced by sulphur-35 
is offset by the relatively long half-life of 87-1 days. 
This means that loss of radioactivity through decay 
is probably slight during the life-time of most 
tropical mosquitoes. But in the case of phosphorus- 
32, labelled insects surviving beyond six weeks may 
be difficult to detect. If recaptures beyond this age 
are not likely to be encountered, a combination of 
the two isotopes in the same insects might distin- 
guish them from those labelled with one only. In 
double-labelled insects, the phosphorus-32 present at 
the time of capture tends to mask the presence of the 
sulphur-35 ; but if all marked recaptures were set 
aside until the former had decayed sufficiently, say 
after two or three months, and were then re-tested, 
the sulphur-35 would still show up. By some such 
method the separation of three overlapping releases 
might become possible. 

I am indebted to the staff of the Isotope School at 
the Atomic Energy Research Establishment, Harwell, 
for encouragement and for providing facilities during 
the early stages of this work; and to Prof. D. 8. 
Bertram of the London School of Hygiene and 
Tropical Medicine for supplying me with eggs of 
Aedes aegypti used in the initial experiments. 

M. T. Gries 


VoL. 182 





East African Institute of Malaria 
and Vector Borne Diseases, 
Amani, Tanga, Tanganyika. 
Oct. 2. 
1 Bruce-Chwatt, L. J., and Hayward, J., Nature, 177, 661 (1956). 
* Kettlewell, H. B. D., Nature, 170, 584 (1952). 


Cytochromes in Chloroplasts 


Ir has been concluded from experiments with 
barley leaves that chloroplasts contain cytochromes 
f and b, and no cytochrome c!. We have been able to 
extend the observations to two other widely differing 
species and to record certain characteristics of the 
cytochromes present. 

The chloroplasts were obtained from laminz of 
Caulerpa prolifera growing in the Bay of Naples and 
from leaves of Vicia faba from the adjacent district. 
They were separated and purified by the method of 
James and Das*, which secures a total separation from 
accompanying mitochondria, etc. Suspensions of 
the chloroplasts in a mixture of 40 per cent sucrose- 
phosphate buffer medium* with 60 per cent glycerol 
were examined in l-cm. cuvettes in a Beckman DU 
spectrophotometer with photomultiplier attachment. 

Suspensions were examined as freshly extracted, 
after reduction with a pinch of dithionite and after 
decolorization with cold acetone at — 10° C. 

The redox difference spectrum of decolorized bean 
(and also spinach) chloroplasts showed the three 
absorption maxima to be expected from the presence 
of a single cytochrome. The magnitudes of the 
peaks, y>a> 6, had also the relations to be 
expected and the positions were within the usual 
ranges and were taken to lie as follows: a at 563- 
564 mu, 8 at 526-528 my, y at 430 my. Since the 
cytochrome was ‘insoluble’ and not denatured by the 
rapid treatment with cold acetone, it is assumed to 
be the cytochrome 6, observed by Hill in barley. 
The absorption curves of acetone-extracted chloro- 
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plasts from Caulerpa prolifera were considerably 
distorted by interfering substances, but peaks were 
‘again observable at 562-564 mu and 430 mu. 

The redox difference spectra of pure suspensions of 
living chloroplasts showed similar « and y peaks, 
and also additional peaks at 556 and 422 my sug- 
gesting the presence of cytochrome f in the undamaged 
chloroplasts, though in smaller amounts than cyto- 
chrome b,. Similar results were obtained with both 
Caulerpa and Vicia. 

It was found that if the pure chloroplast suspensions 
from Caulerpa prolifera were illuminated strongly 
the difference spectrum between illuminated and 
unilluminated developed peaks in both the visual and 
Soret regions. After five minutes the peaks in the 
cytochrome f positions (« and y) were the - more 
conspicuous, but after 20 min. the peaks in the cyto- 
chrome 6, positions were the higher. Bean chloro- 
plasts similarly illuminated also showed similar 
increases of absorption, but there was a rapid return 
to the original condition when the light was removed. 
Rapid reoxidation might be expected of cytochrome 
b,, which is readily autoxidizable. 

Positions of the « peaks in the visual region corre- 
sponded closely in the green and decolorized prepara- 
tions for both cytochromes; but in the Soret region 
there were definite divergences. The observed posi- 
tion of the y bands with the green suspensions was 
always about 5 mu higher than with the decolorized 
material. The position of the y band of cytochrome f 
in the decolorized bean material was at 422 my, which 
corresponds well with the value 421 my given by 
Davenport and Hill* for extracted cytochrome /. 
It is presumed that the apparent shift of the peak in 
the green chloroplasts is due to interfering pigments 
removed by the acetone. 

According to our observations the positions of the 
absorption maxima are as follows : 
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Cytochrome f b, 
Aheorption band y a y B a 

Caulerpa prolifera 423* 555 430 ne 563 
Vicia faba 422 556 430 528 564 


we value from observation of 428 my with green chloro- 
plast: 

Cytochrome c was never found in chloroplast sus- 
pensions freed from any accompanying mitochondria, 
but a very small contamination sufficed to make the 
characteristic « band visible at 550 muy. 

Further details of these observations are being 
published in the Pubblicazione della Stazione Zoologica 
di Napoli. 

W. O. JAMES 
RacuHet M. LEECH 
Department of Botany, 
University of Oxford. 
Nov. 5 
* Hill, R., Nature, 174, 501 (1954). 
* James, W. O., and Das, V. 8. R., New Phytol., 56, 8325 (1957). 
* Davenport, H. E., and Hill, R., Proc. Roy. Soc., B, 189, 327 (1952). 


Translocation of '*C-labelled 
2,4-Dichlorophenoxyacetic Acid in Barley 
and Oats 


THE ‘hormone’ herbicides 2-methyl-4-chlorophen- 
oxyacetic acid (MCPA) and 2,4-dichlorophenoxyacetic 
acid (2,4-D) have repeatedly been shown to produce 
deformities in the straw and spikes of cereal plants 
when applied before five or six leaves have developed. 
This connexion between deformation and age of plants 
has led to the assumption that floral and vegetative 
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Fig. 1. Barley plants, 1-4 leaf stage 
Fig. 2. Radioautograph of the plants = Fig. 1 


primordia are particularly sensitive to compounds 
with hormone activity but become more resistant 
with progressing development. Experiments with 
2,4-D labelled with carbon-14 in the carboxyl group, 
however, suggest that this is scarcely likely to be the 
true explanation. 

Seedlings of barley and oats were given applications 
of 10 ul. of a 0-5 per cent solution of labelled 2,4-D 
(total activity, 0-3 uc.) at the centre of the upper 
surface of each leaf. The plants were treated at six 
stages: 1, 2, 3, 4, 5 and 6 leaves; the total dose of 
2,4-D applied was thus 10 ul. multiplied by the number 
of leaves. This corresponds to field practice where 
plants with 5 or 6 leaves receive and take up very 
nearly 5 or 6 times as much 2,4-D as those with a 
single leaf. 

After application, which occurred in the morning, 
the plants were left 4-8 hr. in a greenhouse with 
artificial illumination. The plants’ roots were then 
rinsed of soil, the area of application was covered 
with adhesive paper, and the plants were placed between 
several layers of warm blotting paper in a high- 
glazing photographic press, where they were killed 
by heating to 60° C. for 15 min. 

Immediately afterwards the plants were mounted 
with rubber cement on white cartons and pressed to 
paper thinness in a specially constructed press. (A 
freeze-drying unit as recommended by Crafts! for 
desiccation of plants was not available.) After 
desiccation and pressing for about a week the plants 
were placed on X-ray films for radioautography ; the 
period of exposure was three weeks. 

Barley plants in the stages of one, two and three 
leaves are seen in Fig. 1 and the corresponding 
radioautographs in Fig. 2. The radioactive 2,4-D is 
in these young plants effectively translocated from 
the point of application to the stem and through the 
stem to the roots, thus passing through the floral 
and vegetative primordia. 

Figs. 3 and 4 show barley plants in the 5—6 leaf stage 
and the corresponding radioautographs. At this 
stage of development translocation is slight and does 
not extend to the stem and roots as it does in younger 
plants. 

Oats, in contrast to barley, show little translocation 
in the early stages (1-2 leaves); 2,4-D is not trans- 
ferred to the hypocotyle, the seed and the roots to 
such an extent as in barley, and will thus come in 
contact with the embryonic primordia to a smaller 

extent. Translocation in oat plants becomes effective 
in the 3-4 leaf stage when 2,4-D is detected in all 
parts of the plants. Later, in the 5-6 leaf stage, 























ig 6 Hiadionutograph of the plants in Fig. 3 
translocation again becomes slight and the active 
compound remains largely in the leaves, as in barley. 

Histological detection of labelled 2,4-D in floral 
primordia of plants at different stages of development 
was attempted in exploratory experiments (Petersen 
et al., unpublished). These attempts, however, were 
unsuccessful. 

In order to test whether floral primordia in older 
plants are susceptible to 2,4-D, barley and oat 
plants were given syringe injections of a single drop 
of 0-5 per cent 2,4-D solution in the leaf sheath 
immediately above the floral primordium. The 
plants responded very strongly with formation of 
tubers near the soil surface and twisting and cracking 
of the stems in several places ; the floral primordium 
was mostly strongly deformed or altogether destroyed, 
even in plants older than the 5—6 leaf stage. 

The reason why cereals do not develop deformed 
spikes or stems on treatment with 2,4-D after the 
5-6 leaf stage may thus be the lack of translocation 
and not necessarily an increasing degree of resistance 
in the vegetative and floral primordia. 

Similar experiments with wheat and rye are in 
progress. 

I am greatly indebted to Prof. A. 8. Crafts and to 
Dr. H. Levi for instruction in their technique of 
tracer studies. 

H. Inev. PETERSEN 

State Weed Research Station, 

Lystoftegaard, Skovlunde, 
Denmark. Oct. 1. 
‘Crafts, A. S., Hilgardia, 26, 6 (1956). 


Effect of Rust Infection on Oxidative 
Phosphorylation of Wheat Leaves 


We have already reported'.* that the rate of 
consumption of oxygen by wheat leaves infected 
with stem rust fungus is not augmented by treat- 
ment with 2,4-dinitrophenol, in contrast with the 
great respiratory increase observed in healthy leaf 
tissue after treatment with dinitrophenol. 

This observation is strikingly related to the well- 
established fact that the consumption of oxygen 
by leaf \tissues infected with rust is also significantly 
increused, and that the glycolysis and further respira- 
tory pathways linked with stimulated glycolysis 
play an important part in the respiratory metabolism 
of diseased but not of healthy wheat?. There is an 
analogy between the physiological effects of infection 
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with rust and those of treatment with dinitrophenol. 
Therefore, on the basis of the results obtained it 
seemed reasonable to suppose that the ineffectiveness 
of dinitrophenol in the case of tissues infected with 
rust is due to the fact that the pathological respiratory 
mechanism has already undergone alterations similar 
to those which occur in healthy leaves as a result 
of treatment with dinitropheno]?. 

It is widely accepted that 2,4-dinitropheno! exerts 
its stimulatory effect on biological oxidation and 
especially on glycolysis by interfering with the 
normal phosphorus metabolism. It has been demon- 
strated that treatment with dinitrophenol resulted in 
increased adenosine triphosphatase activity, in conse- 
quence of which a higher level of P-acceptor (adeno- 
sine diphosphate) is available. This allows a greater 
rate of breakdown of sugar and an enhanced uptake 
of oxygen‘. To gain a deeper insight into the mechan- 
ism of respiratory increase due to infection with rust 
fungus and to dinitrophenol, comparative analyses 
for phosphate fractions of healthy and affected leaves 
were made. 

Wheat plants (Hungarian rust-susceptible variety 
R23) were grown under ordinary greenhouse condi- 
tions. The primary leaves were inoculated with a 
suspension of stem rust (Puccinia graminis, race 21) 
uredospores. On the fourteenth day after infection 
leaves were collected from both healthy and diseased 
plants and assayed for phosphate by a modification 
of the Lowry—Lopez method’. 2,4-Dinitrophenol in 
@ concentration of 10-* M was absorbed into the leaf 
tissues. 

Table 1 shows that the amount of the phosphate 
fraction labile to acid decreased significantly in 
plants infected with rust as compared with healthy 
ones. The amount of phosphate labile to acid in the 
phosphate fraction soluble in acid, and free from 
nucleoproteins, phospholipids and phosphoproteins, 
also decreased. (In the experimental conditions used 
phosphate labile to acid represents the inorganic 
phosphate released principally from adenosine tri- 
and di-phosphate.) A slight but definite statistically 
significant increase was also demonstrated in the 
amount of inorganic phosphate fraction. These 
results strongly suggest that infection results in 
destruction of adenosine triphosphate. 

In uninfected leaves, following absorption of 
2,4-dinitrophenol (Table 2), the amount of acid-labile 
phosphate decreased, as in the case of rust infection 
but to a greater extent. A concomitant increase of 
inorganic phosphate was also observed. 

In the cases of treatment with dinitrophenol and 
of rust infection, as compared with water-infiltrated 
and uninfected healthy plants respectively, a diminu- 
tion of total organic phosphate and of the organic 
phosphate of the fraction soluble in acid occurred. 
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Table 1. PHOSPHATE FRACTIONS OF HEALTHY AND RuST-INFECTED 
WHEAT LEAVES 
(Mean values of five experiments in three series) 

















vem. Phosphate/100 mgm. 
Fraction fresh weight : 
| ealthy Di 
| Total phosphate | 105-4 97-4 
| Inorganic phosphate | 65-5 70°2 
be oe phosphate | 39-9 27-2 
Acid-labile phosphate* 15-4 3-5 
| Acid-labile ag me peel of the 
acid-soluble fraction 14:7 3°5 
Organic phosphate of the acid- 
soluble fraction 16-8 9-8 


* Increase of inorganic phosphate after hydrolysis with N hydro- 
chloric acid at 100° C. for 7 min. 
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ONS OF HEALTHY WHEAT 
(Mean values of five experiments in three series) 











gm. mere ~~“ mgm. fresh 
24 = = 24 hr. after 
Fraction Caterepenel 
infiltration infiltra: 
(10-* Mm 

Total phosphate 65-6 59°8 
Inorganic phosphate 36-0 56-2 
Organic phosphate 29-6 36 
Acid-labile phosphate* 8-8 0-4 











* © Deanemae of inorganic phosphate after hydrolysis with N hydro- 
chloric acid at 100° C. for 7 min. 


These results clearly show that an anabolic alteration 
of metabolism connected with rust infection, namely, 
a synthesis of organic phosphate and an incidental 
activation of a system by which the energy of adeno- 
sine triphosphate is utilized, and a simultaneous 
decrease in the phosphate fraction labile to acid 
cannot occur. Although an increase in the nitro- 
genous fraction insoluble in acid (such as protein) 
has been observed after infection, this phenomenon 
is explained by the spread of fungal body in the leaf 
tissues. At the same time, we found no increase but, 
on the contrary, a decrease of organic phosphate 
fraction. Destruction of acid-labile phosphate and 
organic phosphate in diseased plants reaches such a 
high level that it predominates over the synthesis of 
organic phosphate arising incidentally from the 
growth of fungal body. There seems to be no neces- 
sity, therefore, for postulating that the synthetic 
reactions of fungal metabolism utilize the energy of 
adenosine triphosphate and thus accelerate the 
reaction : 

ATP -» ADP + P; (1) 


The experimental results rather support the view 
that the infection (by a toxic action) inhibits the rate 
of oxidative phosphorylation just as in the case of 
treatment with dinitrophenol. In both cases oxida- 
tive phosphorylation is uncoupled from respiration 
and this gives rise to a greater amount of phosphate 
acceptor (adenosine diphosphate) and inorganic 
phosphate. These compounds govern the reactions 
controlling the rate of glycolysis and of the whole 
process of respiration, as pointed out by Krebs*. 

This rate-controlling function of inorganic phos- 
phate and adenosine triphosphate explains the 
effect of rust infection. The destruction of acid- 
labile phosphate (first of all adenosine triphosphate) 
and the simultaneous increase of inorganic phosphate 
by acceleration of reaction (1) create a high level of 
both phosphate acceptor and of inorganic phosphate 
in the diseased tissues, and the availability of these 
two compounds gives rise to a pathologically high rate 
of respiration. 

B. I. PozsAr 
Z. KrrALy 


Institute for Agricultural Quality Testing, 
Budapest, and 
Institute for Plant Protection, 
Budapest. 


a 3 G. iC Z., Izv. Akad. Nauk S.S.S.R., Ser. Biol. 

° 

* Kirély, Ze, and Farkas, L., Naturwiss., 42, 213 (1955); Arch. 

Biochem. Biophys., 66, wer (1957). 

* Farkas, G. nt and agin Z., Phytopath. Z., 31, 251 (1958). 

‘Simon, E. W., Biol. Rev., 28, 453 (1953). Slater, E. C., and Lewis, 
§. E., Biochem. J., 58, 337 (1954). 

5 Lowry, 0. H., and Lopez, J. A., J. Biol. Chem., 162, 421 (1946). 

* Krebs, H. A., Ciba Found. Symp. on Ionizing Rad. and Cell Meta- 
bolism (1956) ; Endeavour, 16, "125 (1957). 
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Table 2. EFFECT OF WATER AND DINITROPHENOL ON PHOSPHATE 
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Occurrence and Metabolism of Oligo- 
saccharides in the Broad Bean (Vicia faba) 


Paper chromatographic analysis of aqueous meth- 
anolic (75 per cent v/v) extracts of dormant broad 
bean seeds using (A) ethyl acetate/acetic acid/formic 
acid/water (9:0: 1-:5:0-5:2-0 v/v) and (B) ethyl 
acetate/pyridine/water (10:4:3 v/v) as solvents 
with p-anisidine hydrochloride as spray reagent}! 
showed that both the embryos and cotyledons con- 
tained small amounts of raffinose, glucose and 
fructose together with relatively high concentrations 
of sucrose and higher molecular weight oligosacchar- 
ides. Traces of xylose were also detected (cf. Kawa- 
mura, Tsuboi and Nakamura’). The testa contained 
only glucose and fructose. 

A large-scale extract of whole beans was con- 
centrated to a syrup and fractionated on a carbon— 
‘Celite’ column*. The oligosaccharides present were 
identified as: sucrose [m.p. 178°C. (anhydrous), 
[x]*} + 64-3 (conc. 2-8), octaacetate m.p. and mixed 
m.p. 84-85°C.]; raffinose [m.p. 117—-120°C. (an- 
hydrous), [«]*°? + 123-5 (cone. 1-1)]; stachyose 
[ [«}2? + 145° (cone. 1-5, anhydrous), consumed 7-0 
moles of periodate per mole] and verbascose [infra- 
red spectrum identical with that of authentic verbas- 
cose ; consumed 8-8 moles of periodate per mole]. 
The identity of the oligosaccharides was further 
proved by a comparison of their electrophoretic (0-2 M@ 
borate buffer, pH 10) and chromatographic behaviour 
(in solvents A and B) with that of authentic speci- 
mens, and also by a study of the hydrolysis products 
obtained with sulphuric acid (0-5 N) and yeast 
invertase. Electrophoretic and chromatographic 
evidence for the presence of a tetragalactosylsucrose 
in the extract was also obtained. 

Germination of the beans on moist filter paper 
(25° C.) resulted in a rapid disappearance of the 
higher oligosaccharides from all parts of the seeds, 
leaving sucrose and an increased concentration of 
glucose and fructose. 

The carbohydrase activity of embryos and cotyle- 
dons from both dormant and germinated (5 days) 
beans was examined. The tissues were macerated 
with cold acetate buffer (0-2 M; pH 5-6) and, after 
centrifugation, the solutions dialysed against buffer 
at 5° C. The ability of these preparations to hydrolyse 
sucrose, raffinose (producing free galactose) and 
maltose (at 35° C. under toluene using 5 per cent w/v 
substrate concentrations) was taken as an indication 
of the presence of sucrase, «-galactosidase and 
maltase, respectively, in the tissues. The digests, 
together with suitable controls, were examined on 
paper chromatograms after 48 hr. (Table 1). 

Attempts to obtain an active sucrase preparation 
from dormant embryos by extraction with buffers of 
varying pH (4-5, 5-6 (0-2 M acetate) and 6-4 (0-1 M 
phosphate) ) containing L-cysteine (10-* M) were 
unsuccessful. Sucrase rapidly appeared, however, 
in excised embryos which were allowed to rest on 
moist filter paper (25°C.). Quantitative measure- 
ments of sucrase activity in germinated embryo 




















Table 1 
Dormant Germinated 
Carbohydrase 
Embryo | Cotyledon| Embryo | Cotyledon 
Sucrase = ms oe os 
a-Galactosidase + x ++ a 
Maltase + + | 
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preparations, using the Somogyi reagent‘, showed 
that the addition of a dormant embryo extract had 
no inhibitory effect. It would appear, therefore, that 
sucrase is synthesized in the embryonic tissues in 
the early stages of germination, and it is probably 
not present in a latent form in the dormant tissues. 
Hora® has also demonstrated sucrase formation in 
germinating barley. Germinated embryo preparations 
(pH 5-6; 35°C.; 48 hr.) degraded stachyose and 
verbascose with the liberation of galactose, glucose 
and fructose in both cases. With dormant cotyledon 
preparations under the same conditions, however, the 
only free monosaccharide liberated was galactose. 

During these studies it was observed that the suc- 
rase in germinated embryos was strongly inhibited 
(at 10-* M concentrations) by mercuric chloride and 
phenylmercuric acetate and to a lesser extent by 
iodoacetic acid. An aqueous extract of the bean 
testas also behaved as an inhibitor. 

The role of sucrase in the plant is not understood. 
In the case of the germinating bean seed the increase 
in reducing substances together with the appearance 
of sucrase activity may be significant. The rapid 
disappearance of galactose-containing oligosaccharides 
from the germinating tissues and the absence of 
significant quantities of free galactose suggest that 
the former compounds may form an important sugar 
reserve for the developing plant. 

A full report of this work will be given in a later 
publication. 

I wish to thank Prof. E. L. Hirst for helpful 
discussions, Prof. E. J. Bourne for valuable sug- 
gestions and Prof. J. E. Courtois for a specimen of 
verbascose. 

J. B. PripHam 

Department of Chemistry, Royal Holloway College 

(University of London), Englefield Green, 
Surrey. Oct. 3. 

1 Hough, L., Jones, J. K. N., and Wadman, W. H., J. Chem. Soc. 
1702 (1950). 

* Kawamura, S8., Tsuboi, Y., and Nakamura, H., Tech. Bull. Kagawa 
Agric. Coll. (Japan), 6, 27 (1954). 

* Whistler, R. L., and Durso, D. F., J. Amer. Chem. Soc., 72, 677 
1950). 

‘ MP sooey M., J. Biol, Chem., 195, 19 (1952). 

* Hora, F. B., D.Phil. thesis (Oxford, 1936). 


Inhibition of Sulphate Reduction in 
Paddy Soils 


Tue hydrogen sulphide formed in waterlogged 
soils is a serious problem in rice cultivation. It 
inhibits the uptake of water and nutrients, and may 
even cause root-rot*-°. The disease due to these 
injurious effects (browning disease, ‘brusone’, brand, 
aki-ochi, etc.) in unfavourable weather conditions, 
chiefly too little sun (1949, 1954 and 1955), caused 
considerable damage in Hungary. Injury appeared 
mainly after stem elongation, when the oxygen 
supply to the roots is greatly reduced!. 

My previous experiments for controlling the injuries 
showed that results can best be obtained not by 
binding the hydrogen sulphide, but by preventing 
its formation. It is formed mainly by reduction of 
sulphate, for which the cellulose—butyric acid fermen- 
tation provides the hydrogen source’ °. 

To eliminate the hydrogen required for the reduc- 
tion, ¢xperiments were carried out in the laboratory 
and in the field. 1-5 gm. cotton was placed between 
wet rice soil-disks in containers after soaking in 30-80 
mgm. per cent ammonium and sodium sulphates or 
in 30-50 mgm. per cent ammonium or potassium 
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nitrate. 14 days after waterlogging and incubation 
8-8-26-0 mgm. sulphide per container was formed 
in the controls and in the containers with sulphaies, 
No sulphide was found in the containers with nitrates, 

The atomic hydrogen, formed by butyric acid 
fermentation, is used to reduce nitrate, and, conse- 
quently, cannot be utilized by the sulphate-reducing 
bacteria as a source of energy. 

Experiments in the field also yielded positive 
results: for this purpose ammonium nitrate mixed 
with powdered lime (*‘Péti s6’) proved to be the most 
suitable. 
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R. VAmos 


Institute for Plant Physiology, 
University of Szeged. Sept. 8. 
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‘ Takai, J., Koyama, T., and Kamura, T., Soil and Plant Food, 2, No. 
2, 63 (1956). 
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An Aphid-transmitted Tobacco Ring-Spot-like 
Virus isolated from Begonia tuberhybrida 


Begonia semperflorens was reported as a host plant 
for tobacco ring-spot virus by Price’, but no record of 
natural infection of begonia with this virus is known. 

A plant of Begonia tuberhybrida multiflora with 
leaves showing yellow spots surrounded by a necrotic 
line was tested for virus infection. The symptoms 
on tobacco plants, variety Samsun, and cucumbers, 
variety Blanc hatif, inoculated with sap were similar 
to the symptoms described by several workers for 
plants infected with viruses of the tobacco ring-spot 
group. 

The inactivation temperature in tobacco sap after 
10 min. heating was about 70° C. 

The virus was easily transmitted by Myzus persicae 
from tobacco to cucumber (1-2 min. acquisition 
feeding after 2-3 hr. starvation; 24 hr. inoculation 
feeding ; 10 aphids a plant). 

Tobacco ring-spot viruses are not usually trans- 
mitted by aphids. McWorther? reported that a virus 
of this group isolated from leguminous plants was 
transmitted by aphids, but only in company with 
pea enation mosaic virus. Smith and Brierley* 
reported transmission by aphids of tobacco ring-spot 
virus from gladiolus to gladiolus, but in conditions 
that did not completely secure the absence of bean 
yellow mosaic virus, which is prevalent in this plant. 

Our results confirm that viruses of the tobacco 
ring-spot group can be transmitted by aphids; in 
our conditions, bean yellow mosaic virus was not 
present in combination, and the absence of cucumber 
mosaic virus was secured by a cross-protection test. 

The virus isolated from Begonia did not protect 
tobacco plants against infection by the type strain 
of tobacco ring-spot virus. 

Thanks are due to Prof. R. Vanderwalle for critic- 
ism of this work and to Dr. K. M. Smith for material 
infected with virus. 

J. SEMAL 
Plant Pathology Laboratory, Agronomical Institute, 
Gembloux, Belgium. Oct. 15. 
* Price, W. C., Amer. J. Bot., 27, 531 (1940). 
* McWorther, F. P., Plant Dis. Reporter, 38, 453 (1954). 
* Smith, F, F., and Brierley, P., Plant Dis. Reporter, 39, 35 (1955). 
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Chitin in Pogonophora 


PoGONOPHORA secrete and inhabit tough, horny 
tubes. Recently, Hyman! quoted unpublished 
results indicating that the tubes of Pogonophora were 
composed of cellulose. In view of the presumed 
phylogenetic relationship of Pogonophora with lower 
chordates this might have been expected, since the 
tunicate test is rich in cellulose (tunicin). However, 
on examining three species of Siboglinum (S. atlanti- 
cum Southward and Southward, S. inermis Southward 
and Southward*, and S. caulleryi Ivanov) kindly 
given to us by Dr. A. J. Southward, we found the 
tubes to be lacking cellulose, but rich in chitin. 
Later, through the kindness of Academician Ivanov, 
we were given specimens of the tubes of Zenkevitchiana 
longissima Ivanov*, and the same conclusion about 
their composition was reached. 

Tubes of the four species available withstood treat- 
ment for 20 min. in saturated aqueous potassium 
hydroxide at 150° C. The alkali-treated tubes, after 
washing, were coloured brown by iodine in potassium 
iodide solution, becoming violet when this was 
replaced by dilute sulphuric acid‘. Alkali-treated 
tubes were soluble in mineral and acetic acids. Both 
cellulose and chitin are relatively stable in alkali, 
under the conditions specified ; but the above colour 
reactions, and solubility in acids, are properties shown 
only by chitin. The tubes resisted solution in 
Schweitzer’s cuprammonium reagent, in which 
cellulose dissolves ; and the same result was obtained 
if tubes were pretreated in strong alkali (as above) 
or in a solution of chlorine dioxide in acetic acid 
(‘diaphanol’). 

Chitin, being considered as a polymer of 2-acet- 
amido-2-deoxy-«-D-glucopyranose (N-acetyl-p-glucos- 
amine), on acid hydrolysis yields p-glucosamine ; 
and, on enzymic degradation, N-acetyl-p-glucos- 
amine*. The pogonophoran tubes showed these 
reactions. 

Tubes of the four species were hydrolysed in sealed 
vessels with 6 N hydrochloric acid at 100° C. for 6 hr. 
After drying the hydrolysate over phosphorus 
pentoxide and potassium hydroxide, the residue was 
taken up in water and run on partition paper chroma- 
tograms against D-glucose and p-glucosamine hydro- 
chloride, using eight different solvent mixtures. The 
chromatograms were sprayed with aniline hydrogen 
phthalate, silver nitrate, or the Elson and Morgan 
reagents. A substance (evidently an amino-sugar) 
behaving like glucosamine (or galactosamine) was 
present in large amounts ; but no glucose was detec- 
table. On conversion to the corresponding pentose by 
Stoffyn and Jeanloz’ procedure B, the acid hydroly- 
sate of S. atlanticum yielded arabinose, confirming the 
presence of glucosamine (as opposed to galactosamine). 

Tubes of S. atlanticum were prepared for enzymic 
hydrolysis by heating with 4 N aqueous potassium 
hydroxide at 100° C. for 3 hr. (to remove the sub- 
stances other than chitin mentioned below), and the 
residual chitin was dispersed by brief treatment in 
12 N hydrochloric acid ; after washing, the suspen- 
sion was incubated at 37° C. with an enzyme prepara- 
tion from the puff ball Lycoperdon pyriforme', 
buffered at pH 5-0, having chitinase and cellulase 
activity. Samples taken after 18, 42 and 66 hr. were 
concentrated in vacuo and chromatographed in 
butanol/ethanol/water (4:1:5). N-acetyl-glucos- 
amine was shown to be present with the Elson and 
Morgan reagent, and no glucose was detectable with 
aniline hydrogen phthalate. 


NATURE 





1689 


Proteins invariably accompany chitin, and a number 
of amino-acids were found in the acid hydrolysate of 
the tubes. These amino-acids must have been derived 
from a very stable protein in so far as it withstands 
environmental dissolution ; but it is not yet known 
whether stabilization is derived from disulphide 
links (being a keratin), or quinonoid links (being a 
sclerotin). 

P. C. J. BRUNET 

Department of Zoology, 

University of Oxford. 
D. B. CaRuLisLE 
The Laboratory, 
Citadel Hill, 
Plymouth. 
Oct. 2. 
1 Hyman, L. H., Biol. Bull., 114, 106 (1958). 
? Southward, E. C., and Southward, A. J., J. Mar. Biol. Assoc. U.K. , 
87, 627 (1958). 
® Ivanov, A. V., Zool. Jb. Abt. Syst., 85, 431 (1957). 
“Campbell, F. L., Ann. Ent. Soc. Amer., 22, 401 (1929). 
5 Tracey, M. V.,in Paech, K., and Tracey, M. V., “Modern Methods 

of Plant Analysis”, 2 (Springer-Verlag, Berlin, 1955). 

* Kent, P. W., and Whitehouse, M. W., ‘Biochemistry of the Amino- 
sugars” (Butterworth, London, 1955). 


? er J., and Jeanloz, R. W., Arch. Biochem. Biophys., 52, 373 


Production of Experimental Scurvy in a 
Bird Species 


Ir has been generally supposed that all species of 
animals except the primates and the guinea pig are 
able to synthesize ascorbic acid according to their 
requirements. In a previous communication!, using 
our technique of incubating liver and kidney tissues 
of different species of animals with p-glucuronolactone 
as substrate in presence of cyanide, it was shown that 
in some species the kidney could effect the synthesis 
and in some the liver. In the evolutionary ascent 
the mechanism for the synthesis of ascorbic acid 
appeared to pass from the kidney to the liver and 
then to disappear altogether. It was also unexpectedly 
observed that neither the liver nor the kidney tissue 
of the red-vented bulbul (Pycnonotus cafer, Linn.) 
and of the Indian fruit-bat (Pteropus medius) could 
effect the synthesis. Thus at least one avian species, 
the red-vented bulbul, and one mammalian species, 
the Indian fruit-bat, were apparently incapable of 
synthesizing ascorbic acid. It was suggested, there- 
fore, that the cyanide technique might offer a simple 
means for determining the capacity of different 
species for the synthesis of ascorbic acid. This 
supposition has now been proved to be correct by 
actually placing some red-vented bulbuls on a 
scorbutic diet and producing in them ascorbic acid 
deficiency symptoms, which could be cured by 
ascorbic acid. 

Nine red-vented bulbuls were put on a diet of 
parched gram powder for a fortnight to get them 
used to the diet. Then they were placed on the 
scorbutic diet composed as follows: 80 parts of 
parched gram powder (autoclaved as an aqueous 
paste at 18 lb. per sq. in. pressure for 45 min.), 
12 parts of casein, 5 parts of yeast powder, 1 part of 
Steenbock’s salt mixture No. 40 and 2 parts of cod- 
liver oil. The average weight of the birds fell gradually 
from 35 gm. to 28 gm. in 15 days and they all showed 
deficiency symptoms. These were loss of feathers 
and particularly the tail, drooping of the head, 
sluggishness and peevishness. On the sixteenth and 
seventeenth days, two birds dropped steeply in 
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weight and died. Then three birds, which were in 
the worst condition, were given a daily supplement of 
3 mgm. of pure ascorbic acid dissolved in 0-1 e.c. 
water by mouth and the four remaining birds were 
allowed to continue on the scorbutic diet only. All 
the three birds which received the ascorbic acid 
supplement began to gain weight and after 10-— 
12 days of feeding the supplement the feathers and 
the tail began to grow, the birds became brighter in 
appearance and sat on perches and were obviously 
getting well. The four birds which were left on the 
scorbutic diet only became worse and died one 
after another on various dates in the course of 
45 days. 

At autopsy the scorbutic birds showed subcutaneous 
hemorrhage, hemorrhage inside joints, particularly 
knee joints, and in the liver. 

In order to find whether, as a contrast to the 
red-vented bulbul, another avian species, the bank- 
myna (Acridotheres ginginianus, Latham), which was 
shown by the cyanide technique to be capable of 
synthesizing ascorbic acid, would be indeperdent of 
an exogenous supply of ascorbic acid, two birds of 
this species were placed on the scorbutic diet, and 
they have continued to be healthy for a period of 
72 days. 

Our thanks are due to the Indian Council of 
Medical Research for a research grant. 

R. N. Roy 
B. C. Gua 
Department of Applied Chemistry, 
University College of Science and 
Technology, 
Calcutta, 9. 
Oct. 7. 


* Roy, R. N., and Guha, B. C., Nature, 188, 319 (1958). 


A Soil Fungus Trap 


_ THe screened immersion-plate method'-* for 
isolating soil fungi has the disadvantages that the 
plates are not very simple to make and are not 
suitable for use in stony ground. In addition, when a 
pit is dug or a cut is made for insertion of plates, the 
gas relations of the soil are disturbed and some 
drying of the exposed surface occurs, and these factors 
may influence the growth of fungi. A development 
of the screened immersion plate which appears to 
show promise in overcoming these disadvantages is 
described here. Essentially the method involves the 
removal of a soil core and its replacement by a 
tubular version of the screened immersion plate 
within one piece of apparatus. The apparatus con- 
sists of a stainless steel rod which fits quite closely 
ito a stainless steel tube. Water agar is contained 
in &@ number of holes bored through the rod which 
oppose the same number of holes bored in the tube. 
A metal stop on the rod fits into two slots in the 
tube and ensures alignment of the two sets of holes. 
The lengths of rod and tube employed, and the 
arrangement of the metal stop and of the holes are 
such that, when assembled, the section of rod with the 
agar-filled holes occupies only half the length of the 
tube. When the unoccupied half of the tube is 
pushed into soil a core or plug is cut. When the tube 
is pushed farther, the core and the soil ahead are 
compressed farther, and the cored space is then 
occupied by the section of the tube containing the 
rod, This enables exposure of the agar to a soil 
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surface, through the apertures in the tube, in much 
the same manner as in screened immersion plates. 
The soil surface thus exposed has been little disturbed, 
and isolation of those fungi capable of growing from 
soil on to the agar can readily be effected. The 
compression of the soil involved in the removal of the 
core occurs beyond the area of soil to be sampled 
and will have little effect on the growth of fungi. 

The method used in recent experiments is described 
briefly as follows. Rod and tube, unassembled, were 
placed in a large test-tube and sterilized by dry heat 
(160° C. for 1 hr.). After cooling, sterile water agar 
was dispensed into the holes in the rod with a hypo- 
dermic syringe under aseptic conditions. The rod 
was inserted into the tube with the agar-filled holes 
turned away from the apertures in the tube, and 
carried into the field in a plugged, sterile test-tube. 
A small hole was dug and the trap pushed hori- 
zontally into the soil profile at the required level 
with the tube apertures lowermost. The rod was then 
turned so that the stop fitted the slots and thus 
brought the holes filled with agar opposite the aper- 
tures in the tube. The soil dug out was replaced 
and the trap left for four to seven days depending on 
the growing season. Before digging up, the rod was 
rotated to turn the holes filled with agar away from 
the apertures in the tube and then the trap was 
removed bodily and placed in a sterile container. In 
the laboratory the agar plugs were punched out of 
the rod on to a nutrient medium in Petri dishes and 
incubated for further study. 

The dimensions of the rod and tube now employed 
are : 

Tube (prepared from 22 gauge stainless-steel tube, 
outside diameter # in.) 4 in. long, with three 
apertures, # in. in diameter, centres 4 in. apart, 
bored in the first 2 in. of the tube, the distal aperture 
centre being } in. from the centre of the length of 
the tube. 

Rod (prepared from stainless-steel rod, diameter 
}in.) 34 in. long, with three holes, 3 in. in diameter, 
bored through it, the first hole centre } in. from 
one end of the rod, the metal stop, made by pushing 
an }-in. diameter stainless steel wire through a hole 
in the rod, 2 in. from the same end of the rod. 

The edge of the tube which is pushed into the soil 
is suitably bevelled on the inside to provide a good 
cutting edge. The trap is pushed into the soil by 
pressing on the exposed end of the rod with a small 
wooden handle, the thrust being imparted to the tube 
by the metal stop. The metal about the apertures 
was lightly filed to prevent packing of soil in the 
apertures when the trap is pushed into the ground. 

In experiments in soil under perennial ryegrass 4 
number of fungi have been isolated which included 
Fusarium culmorum, Cylindrocarpon radicicola, Rhizoc- 
tonia sp., Mortierella spp., and a number of non- 
sporing forms, all of which had been isolated also by 
screened immersion plates from the same soil. 

I wish to acknowledge the helpful discussions I had 
with Dr. R. D. Northey and Dr. K. Strzemienski in 
the development of this technique. 

R. H. THorNTON 
Soil Bureau, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 


1 Thornton, R. H., Research, 5, 4, 190 (1952). 

? Thornton, R H., Nature, 177, 230 (1956). 

2 Chesters, C. G. C., and Thornton, R. H., Trans. Brit. Mycol. Soc., 39, 
301 (1956). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, December I5 


ROYAL AERONAUTICAL SocreTy (at the Institution of Mechanical 
Engineers, Birdcage Walk, London, 5.W.1), at 9.45 a.m.—All-aay 
Discussion on “Hypersonic Flow”. 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 

MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 

L. 8. Gilford: ‘The Acoustic Design of Talks Studios and 
Listening Rooms”. 


RoyaL AERONAUTICAL Society (at the Institution of Civil Eng- 
ineers, Great George Street, Londen, 8.W.1), at 6. p.m.—Mr. H. G. 
Conway : “Drone Aircraft’’. 


INSTITUTE OF METAL FINISHING (at Northampton Polytechnic, 
St. John Street, London, E.C.1), at 6.15 p.m.—Mr. J. P. Dewar: 
“Trends in Polishing’’. 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
aie at 8.30 p.m.—Colonel G. R. Laclavere: ‘‘Antarctica and the 


Tuesday, December 16 


ROYAL SOcIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m.— Dr. L. Dudley Stamp: 
“Land Utilization in the Commonwealth”. 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C, 2), at 5.30 p.m.— 
Discussion on ‘‘Modern Control Techniqu. es on the Railways” opened 
by Mr. W. J. Webb and Mr. L. A. Ginger. 


PLASTICS INSTITUTE, LONDON AND DISTRICT SECTION (at the Well- 
_ Building, 183- 193 Euston Road, London, N.W.1), at 6.30 p.m. 
—Mr. V. H. Wentworth: ‘Plastics in the Construction of Buildings”. 


Tuesday, December 16—Wednesday, December 17 


POWDER METALLURGY JoINT GROUP of the IRON AND STEEL 
INSTITUTE and the INSTITUTE OF METALS (at Church House, Great 
Smith Street, London, 8.W.1)—Symposium on “The Powder Metal- 
lurgy of Ceramic-Metal Materials”. 


Wednesday, December 17 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W.12), at 2 p.m.—Dr. J. M. Barnes: 
——T Study ‘of Toxic Substances”. 


ROYAL METEOROLOGICAL Society (at 49 Cromwell Road, London, 
8.W.7), at 5 p.m.—Mr. R. C. Rainey: ‘Some Observations - FI ing 
Locusts and Atmospheric Turbulence in Eastern Africa’”’ ; . G 
Johnson: ‘Vertical Disvribution of Aphids in the Air and the Tem- 
perature Lapse Rate”. 


INSTITUTE OF FuEL (at the Institution of Civil Engineers, Great 
George Street, London, S.W.1), at 5.80 p.m.—Short papers on “The 
Work of the Boiler Availability Committee” presented by Mr. F. W. 
Lawton, Mr. H. E. Crossley, Mr. D. C. Gunn, Mr. W. F. Harlow, Mr. 
J. R. Jenkinson and Mr. W. G. Marskell.* 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society , 
Burlington House, Piczadilly, London, W.1), at 5.30 p.m.—Mr. J. W. 
Mullin: “Liquid Distribution in Grid’ Packings. Part 1: The Mech- 
anism of Liquid Spread”. Part 2: ‘‘Evaluation of Packing Constants”. 


Socluty OF CHEMICAL INDUSTRY, Foop GROUP—NUTRITION — 
(at 14 Belgrave Square, London, S.W.1), at 6.15 p.m.—Dr. J. P. 
Masterton and Mr. T. G. Gallant: ‘Nutritional Problems in Polar 
Regions, Part 2”. 


BRITISH INSTITUTION OF RADIO ENGINEERS, LONDON SECTION (at 
the London School of Hygiene —_ re yee Medicine, Keppel Street, 
Gower Street, London, W.C.1), at 6.30 p.m.—Mr. I. J. P. James: 

“A Vidicon Camera for Industelal’ Colour Television”. 


Ol AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Royal Sosiety of — Medicine and Hygiene, 26 Portland 
Place, London, W.1), 7 p.m.—Mr. . Warner: ‘Common 
Problems and Chemical y Re 


Thursday, December 18 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 2.30 p.m. and 
5.30 p.m.—Scientific Papers. 


INSTITUTION OF MINING AND METALLURGY (at the oe on 
Poe of London, Burlington House, Piccadilly, London, W 
5 p.m.—Dr. Hulbert Marchandise: “Adsorption Kinetics Applied 
to Motation” ; Dr. H. N. Bhoden: “Structure and Economic 
Mineralization of the Silvermines District, County Tipperary, Eire”. 


LONDON MATHEMATICAL SocreTy (at the Royal 9 gree 
Society, Burlington House, Piccadilly, London, W. 1), a 5 p.m— 
Prof. L. ©. Young: “Some Geometrical Inequalities”. 


ROYAL SrTaTIsTIcaAL SoocrmTy (at the London School of Hygiene 
ay — Medicine, Keppel Street, Gower Street, London, W.C, a} 
5.15 p.m.—Mr. J. G. R. Dow and Mr. L. A. Dicks-Mireaux : 
Stuy of Wage Inflation in the U. K. 1946-56”. 
ROYAL Amenieres 8 SocreTy (at the ew ge of Boatnl 
Easing neers, Birdcage W: London, 8.W.1), at 6 p.m.—Mr. E. W. 
Pike: “The Traffic conten Over the North Atlantic”. 
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Friday, December 19 


SocleETY OF CHEMICAL ers CoRROSION GROUP (at 14 Bel- 
grave Square, London, 8.W.1), at 2.30 p.m. and 5.30 ant ae 
ocesses”’. 


on “ ern Views of Yondaeceat Hieetrochemnieal Bp 
E. C. Potter: “Cathodic Processes” . Hoar: * anodié 
Processes”’. 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—Captain G. 8, 
— D.S.C., B.N., and Captain A. J. R. Tyrell: “The Admiralty 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
London, 8.W.1), at 6 p.m.—Mr. P. Daniel: “The Hydraulic Turbine 
in Evolution” (James Clayton Lecture). 


Friday, December 19—Saturday, December 20 


LInNEAN Socrety oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 10.30 a.m. daily—Symposium on “Experimental 
Approaches to the Problems of Growth and Form in Plants”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

EcoLOGIsT (man, with a first- or second-class honours degree and 
preferably some knowledge of statistics), to join a team ae 
marine plankton using continuous plankton recorders—The Officer- 
in-Charge, Oceanographic Laboratory, Scottish Marine Biological 
Association, 78 Craighall Road apemcee 6 (December 20). 

MICROBIOLOGIST (with a good honours ome in botany or agri- 
cultural botany) at the Welsh Plant B. ng Station, for work 
associated with the breeding of new strains of clover—The Registrar, 
University College of Wales, Aberystwyth (December 20). 

SENIOR SCIENTIFIC OFFICER (with a science degree of a university 
of the United Kingdom with passes in biochemistry, zoology, bo’ 
etc., and preferably five years experience in ee in the Health 
Service basic grade of Scientific Officer) AT THE BLOOD TRANSFUSION 
CENTRE, Oxford—The Director, Regional Blood Transfusion Centre, 
Churchill Hospital, Headington, Oxford (December 20). 

SCIENTIFIC ASSISTANT (with a biological degree, the ality to write 
correct English and preferably some knowledge of foreign ages), 
for work which includes the abstracting and reviewing of biol cal 
literature—The Director, Commonwealth Bureau of Plant Bi ng 
and Genetics, School of Agriculture, Cambridge (December 31). 

SENIOR LECTURER IN MATHEMATICS at the University of fatal, 
Pietermaritzburg—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (South 
Africa, December 31). 

PROFESSOR OF AGRICULTURAL BoTANY—The Secretary and Regis- 
trar, University College of North Wales, Bangor, North Wales 
(January 1). 

APPLIED MATHEMATICIAN (with a university honours degree in 
applied mathematics or in physics, chemistry or a branch of engineer- 
ing with evidence of suitable attainment in applied mathematics, 

referably in hydrodynamics or aerodynamics) IN THE CHEMIC. 

NGINEERING SECTION, Chemical Research Laboratories, C.S.1.R.0. 
Fishermen’s Bend, Melbourne, initially to collaborate with an e: ri- 
mental team investigating the formation of boundary layers in two- 

hase fluid systems—The Chief Scientific Liaison Officer, Australian 

ientific Liaison Office, Africa House, =e London, W.C.2, 
quoting Appointment No. 590/689 (January 

GRADE II LECTURER (with a genuine interest <a ee chemistry, 
poudseuaty on the preparative side and possibly with radiochemical 
experience) IN INORGANIC CHEMISTRY—The Registrar, The aiver- 
sity, Bristol (January 10). 

HAIR OF PsycHoLoGcy in the University of Cape Town, South 
Africa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (South Africa, 
re 15). 

LECTURER IN PURE Se Secretary, The Queen’s 
University, Belfast — = 

CHAIR OF MEDICINE tenable at ine Royal Free Hospital School of 
Medicine—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (January 19). 

SENIOR LECTURER IN MECHANICAL ENGINEERING—The Registrar, 
The gg Sheffield (January 31). 

SENIOR ER or L&oTURER (Physiologist, with special 
interests ¥. either general or cellular physiology) IN ZooLoGy at the 
University of Melbourne, Australia—The Secretary, Association of 
Universities of the British’ Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, January 31). 

PLANT PHYSIOLOGIST (with a good honours degree) AT THE UNIT OF 
EXPERIMENTAL AGRONOMY, Agricultural Research Council, Oxford, 
to work on fundamental aspects of phytotoxicity and the mechanisms 
of the actions of herbicides—The Secre , Agricultural Research 
one Cunard Building, 15 Regent Street, London, 8.W.1 (February 


)) Deeveneere DEMONSTRATOR IN BACTERIOLOGY—Dr. G. P. Glad 
stone, Sir William Dunn School of Pathology, The University, South 
Parks Road, Oxford (April 1). 

AGRICULTURAL EDUCATION OFFICER (with a university di 
considerable experience in tropical agriculture and teaching abili 
IN THE DEPARTMENT OF AGRICULTURE’S TRAINING CENTRE, Briti 
Honduras, to take charge of, and to teach, the fundamental principles 
of agriculture to trainees—The Director Pf Recruitment, Colonial 
Office, London, = W.1, Seta rete BCD.63/3 

ANALYTICAL C at loaete ‘ood “A” levels 
in G.C.E.) at U.K.A.E. AEA, yt Group Estab ents at Har- 
well (Berks) and at Winfrith (Dorset), to undertake environmental 
field surveys and the radio-cliemical analysis(for —— radioisotopes) 
of biological materials and, possibly, to investigate the application to 
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this work of instrumental techniques, for example, gamma spectro- 
metry—The Group Recruitment Officer (1264/34), Atomic Energy 
Research Establishment, Harwell, Berks. 

ENGINEER (with at least three ii. practical experience and 
experience in one of the following electromechanical design 
or estimating and contract work), to be concerned with all phases of 
the design, construction and operation of a 200-MeV. Heavy Ion 
Linear Accelerator—Prof. 8. Devons, Department of Physics, The 
University, Manchester. 

LECTURER (graduate, preferably with teaching, industrial and/or 
research experience) IN CHEMISTRY at the Mid-Cheshire College of 
Further Education, Hartford, Northwich, for at least one branch of 
chemistry to H.N. ‘C. or higher level—The Director of Education, 
County Hall, Chester. 

PHYSICAL CHEMIST (with at least two years experience in post- 
graduate research or in industry), to assist with teaching of applied 
chemistry to students of chemical engineering and to conduct research 
in applied to apr chemistry—Dr. Stricklaind-Constable, 
Imperial College of Science and Technology, London, 8.W.7. 

RESEARCH ASSISTANT (with a sound knowledge of electronics and 
an interest in radio propagation problems) IN THE DEPARTMENT OF 
Paystics, for work in radio observation of artificial satellites—The 
Registrar, University College of Wales, Aberystwyth. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Central Library. 42nd Annual Report of the Executive 
Committee for the year ending 28 February 1958. Pp.18. (London: 
National Central Library, 1958.) {710 

British Museum (Natural History). Great Barrier Reef ee 
1928-29. Scientific Reports. Vol. 6, No.6: Foraminifera. By A. C. 
Collins. Pp. 335-436 +-5 plates. (London : British Museum (Natural 
History), 1958.) 40s. [710 

A Survey of Commonwealth Parliamentary Opinion on British 
Participation in a Free Trade Area. Pp. i+18. (London: Federal 
Union, 1958.) 5s. {710 

The Changing World of the Extraction Metallurgist. By Prof. 
F. D. Richardson. (Inaugural lecture delivered 18 February, 1958.) 
> 23. (London: Imperial College of Science and Technology, ie 

710 
Imperial College of Science and Technology (University of London). 
Calendar 1958-59. Pp. xi+362. Prospectus 1959-60. Pp. viii+55+4 
et (London: Imperial College of Science and ee 
710 

Third Report from the Committee of Public Accounts, Session 
1957-58. Pp. 32. (House of ee Paper 256.) (London : H. 4 
Stationery Office, 1958.) 1s. 6d. n 710 

Report of the ¥.B.L. Gaaiatenee pe Nuclear Energy held at East- 
bourne 10-12 April, 1958. Pp. vii+188. (London: Federation of 
British Industries, 1958.) 15s. 710 

Department of Scientific and Industrial Research : Building Research 
Station. National Building Studies. Research Paper No. 26: Heat 
Transfer in Deep Underground Tunnels. By A. W. Pratt and L. F. 

. iv+37+2 plates. (London: H.M. Stationery Office, 
1958.) 3s. net. 710 

Ministry of Supply. Reports on Plastics in the Tropics, No. 9: 
Phenolic Resin Bonded Paper Tube. Pp. 31. (London: H.M. 
Stationery Office, 1958.) 38. 6d. net. {710 

Directorate of Overseas Surveys. Government of Gambia, West 
Africa. Land Use Maps, Sheet 14/11 : Mansa Konko. (Scale 1 : 25,000.) 
(Tolworth, Surbiton: Directorate of Overseas Surveys. Obtainable 
from Edward Stanford, Ltd., 12 Long Acre, London, W.C.2, and the 
Survey Department, Bathurst, Gambia.) 38. 6d. {1410 

Scottish Society of the History of Medicine. Report of Proceedings, 
Session 1957-58. Pp. 16+2 plates. (Edinburgh: Scottish Society of 
the History of Medicine, 1958.) {1410 

General Register Office. The Registrar General’s Quarterly Return 
for England and Wales—Births, Deaths and Marriages; Infectious 
Diseases ; Weather; Population Estimates, quarter ended 30th June, 
1958. (No. 438, dnd Quarter 1958.) Pp. 28. (London: H.M. 
Stationery Office, 1958.) 2s. net. yg 

Training and Opportunities for Women in Engineering. By V. 
Holmes and L. S. Souter. Pp. 42. (London: Women’s Engineering 
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Charlottenlund Slot, Danemark. Bulletin Statistique des Péches 
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ea) Institut National pour I'Etude Agronomique du wn 
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in the ties Quality. By C. Nanjunda and V. Me, wrx Pp. 
ii+42. 2.00. Technological Bulletin, Series A, No. Tech- 
nological Bi Reports on Trade Varieties of Indian n Cottons, M967. By 
Dr. R. L. N. ae Pp. iv+97. Rs. 2.00. Technological Bulletin, 
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for 1957. Pp. iv+31. (Honolulu: Bernice P. Bishop eT 
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Tennessee River Basins. Prepared under the direction of J. V. B. 
Wells. Pp. v+353. n.p. Water-Supply Paper 1378: Geology and 
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Pp. xi+587. 2 dollars. aio 
Geological Survey. 
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G. T. Cardwell. Pp. vii+273+8 plates. n.p. Water-Supply Paper 
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